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WELCOME AND INTRODUCTION TO THE 
IMPOUNDMENT MANAGEMENT WORKSHOP 

M . Ri c h a r d DeVoe 
S.C. Sea Gr a n t C o n s o r t i u m 

C h a r l e s t o n , SC 

On b e h a l f o f t h e Sou t h C a r o l i n a Sea Gr a n t C o n s o r t i u m , t h e 

So u t h C a r o l i n a W i l d l i f e and M a r i n e R e s o u r c e s D e p a r t m e n t , 

Clemson/Sea G r a n t M a r i n e E x t e n s i o n Program, and K i n l o c h 

P l a n t a t i o n , I want t o welcome you t o t h e Wampee C o n f e r e n c e C e n t e r 

f o r o u r w o r k s h o p e n t i t l e d " C o a s t a l W e t l a n d Impoundment: 

Management S t r a t e g i e s . " I am R i c k DeVoe, A s s o c i a t e D i r e c t o r w i t h 

t h e C o n s o r t i u m , and I w i l l be m o d e r a t i n g t h i s a f t e r n o o n ' s 

w o r k s h o p . 

The f o c u s o f t o d a y ' s w o r k s h o p i s on some o f t h e i s s u e s 

r e l a t e d t o c o a s t a l w e t l a n d impoundments and t h e i r management. 

Our p u r p o s e i s t w o - f o l d : ( 1 ) t o f a m i l i a r i z e you w i t h t h e r e s u l t s 

of o ur r e c e n t l y c o m p l e t e d C o a s t a l W e t l a n d Impoundment P r o j e c t 

(CWIP) as t h e y r e l a t e t o impoundment management, and ( 2 ) t o 

p r e s e n t s p e c i f i c s u g g e s t i o n s f o r management i n n o v a t i o n s w h i c h may 

a d d r e s s many o f t h e c o n c e r n s r a i s e d by d i f f e r e n t g r o u p s and 

h i g h l i g h t e d by o u r r e s e a r c h . L e t me p r o v i d e you w i t h some 

b ackg r o u n d . 

The C o n s o r t i u m i n i t i a t e d t h e CWIP i n 1982 t o l o o k a t t h r e e 

a s p e c t s of im p o u n d m e n t s : ( 1 ) t h e " s c i e n c e " : d e c i s i o n - m a k i n g on 

a p p l i c a t i o n s f o r i m p o u n d m e n t - r e 1 a t e d a c t i v i t i e s i s o c c u r i n g w i t h 

v e r y l i m i t e d s c i e n t i f i c i n f o r m a t i o n ; ( 2 ) " p o l i c y " : t h e number o f 

a g e n c i e s i n v o l v e d , and t h e i r d i f f e r i n g p o l i c i e s w i t h r e s p e c t t o 
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impoundment a c t i v i t i e s c a uses c o n f u s i o n ; and ( 3 ) "management:" 

c h e r e i s m i n i m a l documented i n f o r m a t i o n a v a i l a b l e on e f f e c t i v e 

impoundment management s t r a t e g i e s . L e t me expand on each of 

t h e s e . 

F i r s t , as Doug Baughman w i l l d e s c r i b e i n t h e n e x t p a p e r , t h e 

C o n s o r t i u m s t r u c t u r e d t h e CWIP as an i n t e n s i v e e c o l o g i c a l 

c h a r a c t e r i z a t i o n of a s e t of impoundments and compared r e s u l t s 

w i t h t h o s e f r o m s i m i l a r s t u d i e s on an a d j a c e n t marsh. P r i o r t o 

t h e CWIP, no such c o m p a r i s o n s e x i s t e d . W i t h t h e CWIP, we were 

a b l e t o i d e n t i f y s e v e r a l e c o l o g i c a l c h a r a c t e r i s t i c s and t r e n d s 

w h i c h we f e e l shed some l i g h t on some o f t h e s c i e n t i f i c i s s u e s 

r e g a r d i n g impoundments ( w h i c h Doug Baughman w i l l d i s c u s s ) . W i t h 

t h i s a d d i t i o n a l i n f o r m a t i o n , we f e e l t h a t d e c i s i o n - m a k e r s have a 

b e t t e r i d e a o f what t h e t r a d e - o f f s w i l l be w i t h any g i v e n 

d e c i s i o n t h e y make. 

P u b l i c p o l i c y i s s u e s have been t h e s u b j e c t o f i n t e n s e d e b a t e 

w i t h r e s p e c t t o impoundment s y s t e m s . Q u e s t i o n s of o w n e r s h i p 

r i g h t s ( p u b l i c v e r s u s p r i v a t e ) , r e g u l a t o r y p o l i c i e s , c o n s e r v a t i o n 

v e r s u s d e v e l o p m e n t , and o t h e r s have s u r f a c e d . I t h i n k most o f 

you a r e f a m i l a r w i t h t h e s i t u a t i o n r e g a r d i n g t h e r e g u l a t o r y 

p r o c e s s i n S o u t h C a r o l i n a ; some 13 f e d e r a l , s t a t e , and l o c a l 

a g e n c i e s can be i n v o l v e d i n a p e r m i t t i n g p r o c e s s t h a t p r o c e e d s 

more or l e s s a c c o r d i n g t o t h e f l o w c h a r t i n F i g u r e 1 (DeVoe and 

W h e t s t o n e , 1 9 8 7 ) . The i n f o r m a t i o n d e r i v e d f r o m t h e CWIP w i l l 

n o t , of c o u r s e , have much i m p a c t on t h e number of a g e n c i e s 

i n v o l v e d i n t h e p r o c e s s , or on t h e p r o c e s s i t s e l f , b u t i t does 

shed some l i g h t on t h e v a l i d i t y of a number of i s s u e s t h a t have 
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FIGURE 1 

Permit Structure: Impoundments 
Site of Proposed Impoundment Activities 

EXISTING IMPOUNDMENT | FORMERLY IMPOUNDED AREAS NATURAL WETLANDS 

Own or Lease Area 
YES NO 

Own Formerly Impounded Area 

YES NO 

Obtain Owner's 
Consent 

Not 
Permitted 

Verification by State (8) 
S.C. A t t o r n e y Genera l ' s O f f i c e 

T 

No Construction 
Activities Allowed 

Areaof Impoundment Reconstruction 

I IN CRITICAL AREA OUTSIDE CRITICAL AREA 

Critical Area Permit (2A) 
S.C. Coastal Counci l 

Construction Permit for 
Navigable Waters (3A) 

S.C. State Budget & Cont ro l Board J 
Crossd ik ing Involved 

YES 

T 
J 

Section 404 Permit <ia) 
U.S. A r m y Corps of Engineers 

I 

Letter of Approval2 

S.C. Coastal Counci l 

Section 10 & Section 
404 Permit (1A) 

U.S. A rmy Corps of Engineers 

Construction Permit (6A> 
S . C Dept . Hea l th & E n v i r o n m e n t a l C o n t r o l 

NPDES Permit (6B) 
S.C. Dept. Health & Environmental Cont ro l 

Gamefish Breeders License (sbj 
S.C. Div. Wildl i fe & Freshwater Fisheries 

GAMEFISH 

Type of Stock 

I NON-GAMEFISH 

If applicable — prohibited species 
can only be imported for research 
purposes 

p 
Although no permit is required from 

the SC. Coastal Council for this 
activity, written permission must be 
obtained before crossdiking activi
ties begin. 

L 
Importat ion of Prohibited 

Species Permit (5A) 1 

S.C. Div. Wildl i fe & Freshwater Fisheries 

P R O D U C T I O N 
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emerged o v e r Che l a s t f i v e t o t e n y e a r s . 

T h i r d , r e s u l t s of t h e CWIP l e d us t o b e l i e v e t h a t t h e o n l y 

p r a c t i c a l way t o a d d r e s s c o n c e r n s w i t h impoundments was t h r o u g h 

t h e e x a m i n a t i o n and t e s t i n g o f e x i s t i n g and m o d i f i e d management 

s t r a t e g i e s . We know f r o m t h e s u r v e y s c o n d u c t e d by Dr. Mark 

Tompkins o f t h e U n i v e r s i t y o f So u t h C a r o l i n a as p a r t of t h e CWIP 

t h a t t h e I n t e n s i t y of c u r r e n t impoundment management p r a c t i c e s 

v a r i e s w i d e l y ( F i g u r e 2) ( T o m p k i n s , 1 9 8 6 ) . T h i s i n f o r m a t i o n 

s u g g e s t s t h a t t h e m a j o r i t y of managers a c t i v e l y m a n i p u l a t i n g 

w a t e r l e v e l s and f l o w i n t h e i r impoundments use more i n t e n s i v e 

methods ( e . g . m u l t i p l e draw d o w n - r e f l o o d e v e n t s w i t h c u l t i v a t i o n 

of t h e b e d s ) . A d d i t i o n a l l y , t h e more i n t e n s i v e management 

schemes t e n d t o be used more by " p u b l i c " m anagers, as i l l u s t r a t e d 

i n F i g u r e 3 ( T o m p k i n s , 1 9 8 6 ) . 

T h i s l e a d s me t o t h e f o l l o w i n g p o i n t s r e g a r d i n g t h e 

management o f impoundment s y s t e m s i n S o u t h C a r o l i n a , w h i c h a r e 

based on i n f o r m a t i o n p r o v i d e d by p u b l i c and p r i v a t e managers. 

F i r s t , i t has been e s t i m a t e d t h a t a p p r o x i m a t e l y 50% o f o u r 

e x i s t i n g impoundments a r e n o t managed t o t h e i r f u l l p o t e n t i a l , 

t h u s e f f e c t i v e l y l i m i t i n g t h e i r p r o d u c t i v i t y . S e c o n d l y , t h e more 

i n t e n s i v e t h e management, t h e more p r o d u c t i v e t h e s y s t e m . And, 

based on t h e i n f o r m a t i o n p r o v i d e d t h r o u g h t h e CWIP, w h i c h 

i d e n t i f i e d p o t e n t i a l i m p a c t s of managed impoundments on a d j a c e n t 

s y s t e m s , t h e p o s s i b i l i t y e x i s t s t o a d d r e s s and m i n i m i z e t h e s e 

e f f e c t s and m a x i m i z e p r o d u c t i v i t y t h r o u g h t h e t e s t i n g and 

t r a n s f e r of i n n o v a t i v e management s t r a t e g i e s t o impoundment 

ma nage r s . 



Wetland Management Schemes 
(Acreage Involved) 
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Figure 2. Acreage o f Impoundment s i t e s categorized by management regimes. Scheme types: No ex
change; continuous exchange; one pulse drawdown and f l o o d ; one pulse drawdown and f l o o d 
w i t h manipulation o f the bed; m u l t i p l e pulse drawdown and f l o o d ; and m u l t i p l e pulse draw
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Private Wetland Management Schemes 
(Acreage Involved) 
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categorized by management regime. Manage = t h i r d p a r t y 
manager; i n d i v i d u a l = owner/manager. 
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T h i s s h o r t b a c k g r o u n d p r o v i d e s t h e b a s i s f o r o u r work s h o p 

t o d a y . We w i l l d i s c u s s : r e s u l t s o f t h e CWIP as t h e y r e l a t e t o 

t h e management of e x i s t i n g i m p o u n d m e n t s ; management i n n o v a t i o n s 

t h a t c o u l d p o s s i b l y m i n i m i z e p o t e n t i a l i m p a c t s on a d j a c e n t 

w e t l a n d s y s t e m s ; and, most i m p o r t a n t l y , t h e need f o r "GOOD 

MANAGEMENT" of our e x i s t i n g impoundments i n o r d e r t o m a x i m i z e 

t h e i r p r o d u c t i v i t y . 
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O v e r v i e w 
P r o j e c t 

o f Che C o a s t a l W e t l a n d Impoundment 
and G e n e r a l Management I m p l i c a t i o n s 

D o u g l a s S. Baughman 
SC Sea G r a n t C o n s o r t i u m 

C h a r l e s t o n , SC 

The SC Sea G r a n t C o n s o r t i u m i n i t i a t e d t h e C o a s t a l W e t l a n d 

Impoundment P r o j e c t (CWIP) i n September 1982 t o a d d r e s s a number 

of t h e e c o l o g i c a l , management and p o l i c y q u e s t i o n s s u r r o u n d i n g 

impoundments i n S o u t h C a r o l i n a . T h i s f o u r y e a r m u l t i -

d i s c i p l i n a r y p r o j e c t was d e s i g n e d t o examine impoundments i n t h e 

c o n t e x t of t h e i s s u e s t h a t were b e i n g d i s c u s s e d a t t h a t t i m e and 

to g a t h e r t h e f i r s t s e t of c o m p r e h e n s i v e b a s e l i n e d a t a on 

impoundment s y s t e m s . The p r i m a r y g o a l o f t h e CWIP was t o p r o v i d e 

d e c i s i o n s makers w i t h a d d i t i o n a l i n f o r m a t i o n r e l a t e d t o t h e 

compl e x q u e s t i o n s c o n c e r n i n g i m p o u n d m e n t s . 

The m a j o r o b j e c t i v e s o f t h e CWIP were t o : 1) d e t e r m i n e 

s t r a t i g r a p h y , c h a r a c t e r i z e h y d r o i o g y , and i d e n t i f y and compare 

t h e m a j o r f l o r a l and f a u n a i components o f t h e impoundments u n d e r 

s t u d y ; 2) c h a r a c t e r i z e t h e n u t r i e n t d y n a m i c s and d e t e r m i n e 

p r i m a r y p r o d u c t i v i t y of t h e s t u d y impoundments and t h e a d j a c e n t 

open w e t l a n d s ; 3) d e t e r m i n e and compare t h e r e c r u i t m e n t , g r o w t h 

r a t e s , and s t a n d i n g c r o p b iomass of c o m m e r c i a l l y - i m p o r t a n t 

s p e c i e s i n impoundments w i t h t h o s e i n a d j a c e n t open w e t l a n d 

a r e a s ; 4) d e t e r m i n e t h e f l o w o f n u t r i e n t s and biomass between t h e 

s t u d y impoundments and t h e a d j a c e n t open w e t l a n d a r e a s ; and 5) t o 

d e t e r m i n e t h e p u b l i c p o l i c y i s s u e s a f f e c t i n g i m p o u n d m e n t s : 

o w n e r s h i p , c u r r e n t and p r o p o s e d u s e s , management t e c h n i q u e s , and 

f e d e r a l and s t a t e p o l i c y . 
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The Tom Yawkey W i l d l i f e C e n t e r L o c a t e d n e a r G e o r g e t o w n , SC on 

t h e Santee R i v e r d e l t a was c h o s e n as t h e s t u d y s i t e because o f 

t h e a v a i l a b i l i t y o f m u l t i p l e s m a l l impoundments managed f o r 

w a t e r f o w l h a b i t a t by t h e SC W i l d l i f e and M a r i n e R e s o u r c e s 

D e p a r t m e n t . S p e c i f i c a l l y , t h e s t u d y s i t e on Cat I s l a n d c o n s i s t e d 

of f i v e impoundments r a n g i n g i n s i z e f r o m 3.6 t o 6.9 ha ( 8 . 8 t o 

17.0 a c r e s ) ( x = 5.1 h a ) , one unmanaged ( b r e a c h e d ) t i d a l 

impoundment ( 7 . 9 ha, 19.5 a c r e s ) , a l a r g e r ( 1 3 . 8 ha, 34 a c r e ) 

managed impoundment, t h e open marsh a d j a c e n t t o t h e impoundment 

comp l e x and t h e a d j a c e n t t i d a l c r e e k , C h a i n e y Creek. S a l i n i t i e s 

i n t h i s a r e a r a n g e d f r o m 0 t o 30 p a r t s p e r t h o u s a n d ( p p t ) and 

a v e r a g e d a r o u n d 18 t o 7.2 p p t . Thus, t h i s s y s t e m was 

c h a r a c t e r i z e d as a b r a c k i s h impoundment s y s t e m . 

Water management d u r i n g t h e s t u d y was d e s i g n e d t o e n c o u r a g e 

t h e g r o w t h of a q u a t i c p l a n t s , p r i m a r i l y w i d g e o n g r a s s , R u p p i a 

ma r i t i ma, d e s i r a b l e as w a t e r f o w l f o o d . Each impoundment was 

e q u i p p e d w i t h a f l a s h b o a r d r i s e r - t y p e w a t e r c o n t r o l s t r u c t u r e 

c a l l e d a t r u n k w h i c h a l l o w e d w a t e r t o be e xchanged and w a t e r 

l e v e l s m a n i p u l a t e d . I n a d d i t i o n , each u n i t was e q u i p p e d w i t h a 

s p i l l w a y t o a l l o w w a t e r t o be c i r c u l a t e d b e t w e e n u n i t s ; h o w e v e r , 

t h e y were n o t used d u r i n g t h e s t u d y due t o s c i e n t i f i c p r o t o c o l . 

The b a s i c management scheme i s o u t l i n e d i n T a b l e I . 

The d e t a i l e d r e s u l t s o f t h e C o a s t a l W e t l a n d Impoundment 

P r o j e c t have been c o m p i l e d i n t o a t h r e e - v o l u m e t e c h n i c a l r e p o r t 

( S o u t h C a r o l i n C o a s t a l W e t l a n d Impoundments: E c o l o g i c a l 

C h a r a c t e r i z a t i o n , Management, S t a t u s and Use, T e c h n i c a l R e p o r t s 
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(#SC-SG-TR-86-l, 2, and 3 ) . C o n s e q u e n t l y , f o r t h i s p a p e r I w i l l 

c o n c e n t r a t a t e on s p e c i f i c r e s e a r c h components and h i g h l i g h t 

r e s u l t s t h a t p a r t i c u l a r l y r e l a t e t o t h e management i m p l i c a t i o n s 

d i s c u s s e d i n t h e f o l l o w i n g p r e s e n t a t i o n s . 

The h y d r o g e o l o g y and s e d i m e n t c h a r a c t e r i s t i c s o f t h e 

i m p o u n d m e n t s , and w a t e r seepage t h r o u g h t h e impoundment bed and 

d i k e s , were i n v e s t i g a t e d t o d e t e r m i n e t h e p o s s i b l e avenues o f 

w a t e r exchange o t h e r t h a n t h r o u g h t h e w a t e r c o n t r o l s t r u c t u r e s . 

Our p r i m a r y c o n c e r n w i t h p o t e n t i a l w a t e r seepage was t o see 

w h e t h e r n u t r i e n t s were b e i n g t r a n s p o r t e d b e t w e e n t h e impoundment 

and t h e a d j a c e n t c r e e k o r b e t w e e n t h e impoundment and t h e s h a l l o w 

s u b - s u r f a c e w a t e r t a b l e . R e s u l t s i n d i c a t e d t h a t t h e impoundment 

s e d i m e n t s were p r i m a r i l y a s i l t - c l a y m i x t u r e and e s s e n t i a l l y 

i m p e r m e a b l e . Water a n a l y s i s o f t h e i n t e r s t i t i a l w a t e r s a l s o 

c o n f i r m e d t h a t impoundment w a t e r s were n o t i n c o n t a c t w i t h t h e 

s h a l l o w w a t e r t a b l e . D i k e seepage s t u d i e s i n d i c a t e d t h a t 

a l t h o u g h t h e r e was some movement o f w a t e r t h r o u g h t h e d i k e s , t h e 

volume of t h i s seepage ( a p p r o x i m a t e l y 598 t o 619 l i t e r s / d a y ) was 

i n s i g n i f i c a n t compared t o t h e t o t a l volume w i t h i n t h e 

i m p o u n d m e n t s . These f i n d i n g s s u g g e s t t h a t t h e exchange of w a t e r 

b e t w e e n and among t h e impoundments and C h a i n e y Creek o c c u r r e d 

a l m o s t e x c l u s i v e l y t h r o u g h t h e w a t e r c o n t r o l s t r u c t u r e s . 

S o u t h e a s t e r n s a l t marshes a r e w e l l know f o r t h e i r i n h e r e n t 

p r o d u c t i v i t y . T h i s p r o d u c t i v i t y has been a t t r i b u t e d t o t h e t h r e e 

f o r m s of p r i m a r y p r o d u c t i v i t y ( m a c r o p h y t e s , p h y t o p l a n k t o n , and 

b e n t h i c m i c r o a l g a e ) , d a i l y t i d a l a c t i o n , a b u n d a n t n u t r i e n t 

s u p p l i e s , c o n s e r v a t i o n and r a p i d t u r n o v e r o f n u t r i e n t s , and y e a r 
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r o u n d p r o d u c t i o n . To compare t h e p r o d u c t i v i t y o f impoundments 

and t h e a d j a c e n t open marsh, t h e s t u d y l o o k e d a t n u t r i e n t 

e x changes b e t w e e n t h e s e s y s t e m s as w e l l as t h e p r i m a r y 

p r o d u c t i v i t y o f each f l o r a l c omponent. 

To compare t h e exchange o f n u t r i e n t s f r o m t h e impoundments 

and open marsh a r e a , w a t e r s amples were a n a l y z e d f o r ammonia 

( N H ^ ) , o r t h o - p h o s p h a t e ( o - P O ^ ) , and p a r t i c u l a t e and d i s s o l v e d 

o r g a n i c c a r b o n (POC, DOC). I t had been s u g g e s t e d t h a t due t o t h e 

w a t e r management schemes employed i n i m p o u n d m e n t s , t h e y may a c t 

as n u t r i e n t s i n k s . R e s u l t s o f t h i s r e s e a r c h component s u g g e s t 

t h a t t h e s t u d y impoundments were n o t s i g n i f i c a n t n u t r i e n t s i n k s . 

However, t h e f o r m o f t h e n u t r i e n t s e x c hanged and t h e t i m i n g o f 

t h a t exchange i n impoundments i s q u i t e d i f f e r e n t f r o m t h e open 

marsh s y s t e m . I n i m p o u n d m e n t s , n u t r i e n t exchange i s l i m i t e d t o 

t i m e s of w a t e r e x c h a n g e . For e x a m p l e , n u t r i e n t s were i m p o r t e d t o 

th e s t u d y impoundments d u r i n g t h e s p r i n g and summer and e x p o r t e d 

d u r i n g t h e f a l l and w i n t e r w i t h an o v e r a l l n e t exchange o f near 

z e r o . The open marsh, on t h e o t h e r hand, t y p i c a l l y e x p o r t s t h e s e 

c o n s t i t u e n t s on t h e ebb t i d e w i t h h i g h e s t e x p o r t i n t h e summer 

and f a l l c u l m i n a t i n g i n an a n n u a l n e t e x p o r t . The e f f e c t s o f 

t h e s e d i f f e r e n c e s i n n u t r i e n t exchange on e s t u a r i n e p r o d u c t i v i t y 

can n o t be d e t e r m i n e d w i t h o u t a d d i t i o n a l r e s e a r c h . 

P h y t o p l a n k t o n p r o d u c t i o n was s t u d i e d t o d e t e r m i n e i t s 

c o n t r i b u t i o n t o t o t a l p r i m a r y p r o d u c t i v i t y o f t h e impoundments 

and t h e a d j a c e n t open marsh. By m o n i t o r i n g t h e amount of 

c h l o r o p h y l l - a p r e s e n t i n w a t e r s a m p l e s , i n v e s t i g a t o r s d e t e r m i n e d 

t h a t impoundments a p p e a r e d t o be h i g h l y f a v o r a b l e h a b i t a t s f o r 
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p h y t o p l a n k t o n g r o w t h . The v a s t a r e a s o f open w a t e r and a b u n d a n t 

n u t r i e n t s a l l o w e d f o r h i g h p h y t o p l a n k t o n p r o d u c t i o n and, d u r i n g 

t i m e s of w a t e r e x c h a n g e , h i g h p h y t o p l a n k t o n e x p o r t . I n open 

marsh, p h y t o p l a n k t o n t y p i c a l l y c o n t r i b u t e s l e s s t o o v e r a l l 

p r i m a r y p r o d u c t i o n . A d d i t i o n a l l y , i t a p p e a r s t h a t w h i l e t h e 

marsh e x p o r t e d n u t r i e n t s i n t h e i r d i s s o l v e d o r g a n i c f o r m s , t h e 

i mpoundments e x p o r t e d n u t r i e n t s i n t h e f o r m o f p h y t o p l a n k t o n 

b i omas s. 

M a c r o p h y t e p l a n t c o m m u n i t i e s ( m a r s h g r a s s e s ) a r e t h e m a j o r 

c o n t r i b u t o r s t o p r i m a r y p r o d u c t i o n i n s a l t marshes and p l a y an 

i m p o r t a n t r o l e i n marsh e c o l o g y . Impoundment management r e g i m e s 

f o r w a t e r f o w l a r e d e s i g n e d t o p r o m o t e t h e g r o w t h of s p e c i f i c 

m a c r o p h y t e s ( e . g . , w i d g e o n g r a s s and s a l t marsh b u l l r u s h ) w h i l e 

d i s c o u r a g i n g t h e g r o w t h o f o t h e r s ( e . g . , S p a r t i n a ) . I n a d d i t i o n , 

p r e v i o u s work on t h e p r o d u c t i v i t y of s o u t h e r n s a l t marshes 

s u g g e s t e d t h a t t h e d a i l y ebb and f l o o d o f t h e t i d e p r o v i d e s an 

e n e r g y s u b s i d y w h i c h enhances t h e p r o d u c t i o n o f s a l t marsh 

m a c r o p h y t e s ; impoundment d i k e s and w a t e r c o n t r o l s t r u c t u r e s a l t e r 

t h i s t i d a l f l o w . T h e r e f o r e , i t was i m p o r t a n t t o compare t h e 

m a c r o p h y t e c o m m u n i t i e s and t h e i r p r o d u c t i o n ( t h e second f o r m o f 

p r i m a r y p r o d u c t i o n i n v e s t i g a t e d ) b e t w e e n t h e impoundments and t h e 

a d j a c e n t open m a r s h . 

The number o f m a c r o p h y t e s p e c i e s was g r e a t e r i n impoundments 

t h a n i n t h e open marsh, (19 s p e c i e s v e r s u s 3 s p e c i e s ) ; l a r g e l y 

due t o t h e i n f l u e n c e o f t h e w a t e r l e v e l management scheme 

employed i n t h e i m p o u n d m e n t s . C o m p a r i s o n s of t o t a l ( a l l s p e c i e s 

c o m b i n e d ) m a c r o p h y t e p r o d u c t i v i t y showed t h a t t h e r e was no 
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s i g n i f i c a n t d i f f e r e n c e b e t w e e n impoundments or b e t w e e n t h e 

impoundments and t h e a d j a c e n t open marsh. However, t h e p r i m a r y 

t a r g e t p l a n t s p e c i e s , w i d g e o n g r a s s , peaked i n biomass by l a t e 

summer i n b o t h y e a r s and was n o t a v a i l a b l e f o r m i g r a t i n g 

w a t e r f o w l . U n u s u a l l y h i g h w a t e r t e m p e r a t u r e s and s a l i n i t i e s were 

p r o b a b l y r e s p o n s i b l e f o r t h e d e c l i n e i n w i d g e o n g r a s s d u r i n g t h e 

summer mo n t h s , w h i c h s u g g e s t s t h a t a l t e r a t i o n s i n t h e management 

scheme may r e s u l t i n more biomass a v a i l a b l e f o r w a t e r f o w l i n t h e 

f a l l . 

B e n t h i c m i c r o a l g a e (BMA) - s m a l l d i a t o m s and p l a n t s t h a t 

l i v e on o r i n t h e b o t t o m s e d i m e n t s - a l s o c o n t r i b u t e t o o v e r a l l 

p r i m a r y p r o d u c t i v i t y i n c o a s t a l h a b i t a t s . Due t o t h e e x t e n s i v e 

s h a l l o w mud f l a t a r e a s i n i m p o u n d m e n t s , i t was s u g g e s t e d t h a t 

b e n t h i c m i c r o a l g a e may be h i g h l y p r o d u c t i v e i n t h e s e a r e a s . The 

p r e l i m i n a r y s t u d i e s , a l t h o u g h n o t c o n c l u s i v e , do s u p p o r t t h i s 

c l a i m . P r o d u c t i o n of BMA i n t h e impoundments a p p r o a c h e d l e v e l s 

r e c o r d e d f o r s i m i l a r c o a s t a l h a b i t a t s . 

O v e r a l l , c o m p a r i n g a l l t h r e e f o r m s o f p r i m a r y p r o d u c t i o n , 

th e d a t a i n d i c a t e t h a t t h e impoundments and t h e a d j a c e n t open 

marsh were not s i g n i f i c a n t l y d i f f e r e n t . However, t h e r e l a t i v e 

c o n t r i b u t i o n s of p h y t o p l a n k t o n , b e n t h i c a l g a e and m a c r o p h y t e s 

d i f f e r e d b etween s y s t e m s . I n t h e t i d a l w e t l a n d , p r i m a r y 

p r o d u c t i o n was d o m i n a t e d by emergent m a c r o p h y t e v e g e t a t i o n , w h i l e 

submerged m a c r o p h y t e s , b e n t h i c a l g a e , and p h y t o p l a n k t o n were t h e 

s i g n i f i c a n t p r o d u c e r s i n t h e s t u d y i m p o u n d m e n t s . 

The abundance and biomass o f z o o p l a n k t o n ( p l a n k t o n i c 

a n i m a l s ) i n t h e impoundments was d e t e r m i n e d and compared w i t h 
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t h a t of t h e a d j a c e n t t i d a l w e t l a n d c r e e k . Z o o p l a n k t o n f e e d on 

p h y t o p l a n k t o n and a r e i n t u r n f e d upon by l a r v a l and j u v e n i l e 

f i s h and c r u s t a c e a n s , m aking them an i m p o r t a n t l i n k i n t h e 

e s t u a r i n e f o o d web. R e s u l t s of t h i s component i n d i c a t e d t h a t t h e 

s t a n d i n g c r o p of z o o p l a n k t o n was g r e a t e s t d u r i n g p e r i o d s of 

r e d u c e d w a t e r e x c h a n g e , c o i n c i d i n g w i t h t h e p e r i o d o f peak 

p h y t o p l a n k t o n p r o d u c t i o n . D u r i n g p e r i o d s o f g r e a t e r w a t e r 

e x c h a n g e , t h e numbers o f z o o p l a n k t o n i n t h e impoundments 

d e c r e a s e d t o l e v e l s s i m i l a r t o t h e a d j a c e n t c r e e k . I n g e n e r a l , 

z o o p l a n k t o n d e n s i t i e s were s i m i l a r t o o t h e r c o a s t a l h a b i t a t s b u t 

z o o p l a n k t o n blooms r e c o r d e d d u r i n g t h i s s t u d y s u g g e s t t h a t u n d e r 

c e r t a i n c o n d i t i o n s impoundments may p r o d u c e h i g h e r d e n s i t i e s t h a n 

open t i d a l s y s t e m s . 

The s p e c i e s c o m p o s i t i o n , d e n s i t y and p o p u l a t i o n d y n a m i c s of 

i n v e r t e b r a t e m a c r o f a u n a were a l s o compared b e t w e e n t h e two 

s y s t e m s . M a c r o f a u n a i n t h i s s t u d y i n c l u d e d s m a l l b e n t h i c 

c r u s t a c e a n s , i n s e c t s , worms, and m o l l u s k s , as w e l l as b l u e c r a b s 

and s h r i m p . B e n t h i c m a c r o f a u n a l c o m m u n i t y c o m p o s i t i o n and 

s t r u c t u r e was f o u n d t o be s i g n i f i c a n t l y d i f f e r e n t b e t w e e n 

a n a l o g o u s s i t e s i n t h e impoundments and t h e a d j a c e n t marsh. 

C o m p a r i s o n s of t h e v e g e t a t e d s i t e s , f o r e x a m p l e , i n d i c a t e d t h a t 

t h e impoundments c o n t a i n e d f e w e r s p e c i e s t h a n t h e open marsh 

s i t e s . These d i f f e r e n c e s a p p e a r t o be due t o e n v i r o n m e n t a l 

f a c t o r s ( l o w d i s s o l v e d o x y g e n and h i g h t e m p e r a t u r e s ) and 

p r e d a t i o n by w a t e r b i r d s . S h a l l o w w a t e r l e v e l s and r e d u c e d w a t e r 

c i r c u l a t i o n may p r o m o t e t h e s e c o n d i t i o n s . 
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I n v e s t i g a t i o n s on u t i l i z a t i o n o f t h e impoundments and 

a d j a c e n t marsh by s h r i m p and c r a b s u g g e s t t h a t t h e d i k e s and 

w a t e r c o n t r o l s t r u c t u r e s do a f f e c t t h e i r use o f impoundments. 

Access t o t h e impoundments depended on t h e t i m i n g of r e c r u i t m e n t 

f o r a p a r t i c u l a r s p e c i e s and t h e p e r i o d s o f w a t e r e x c h a n g e . For 

e x a m p l e , l a r v a l and j u v e n i l e brown s h r i m p a p p e a r e d i n t h e t i d a l 

c r e e k d u r i n g May and June when t h e r e was m o d e r a t e t i d a l exchange 

i n t h e impoundment. As a r e s u l t , t h e y were r e c r u i t e d i n t o t h e 

i m p o u n d m e n t s . P i n k s h r i m p , on t h e o t h e r hand, a r e p r e s e n t i n t h e 

a r e a d u r i n g l a t e summer ( J u l y - S e p t e m b e r ) when t h e r e i s l i t t l e 

w a t e r exchange and t h e r e f o r e , a r e n o t r e c r u i t e d i n t o t h e 

i m p o u n d m e n t s . F u r t h e r m o r e , t h e m i g r a t i o n of s h r i m p i n t o t h e 

impoundments exceeded e m i g r a t i o n o u t o f t h e i m p o u n d m e n t s . Only 

7.6% as many s h r i m p were c a u g h t l e a v i n g as e n t e r i n g t h e 

i m p o u n d m e n t s . These d a t a i l l u s t r a t e t h a t management s t r a t e g y i s 

t h e key t o t h e d e g r e e of i m p a c t s on e s t u a r i n e c r u s t a c e a n s . The 

v o l u m e , t i m i n g and method o f t h e w a t e r exchange w i l l d e t e r m i n e 

u t i l i z a t i o n of t h e impoundment by s h r i m p and c r a b s . 

F i s h community c o m p o s i t i o n , s t r u c t u r e and s e a s o n a l 

abundances were a l s o d e t e r m i n e d and compared b e t w e e n t h e 

impoundments and a d j a c e n t t i d a l marsh c r e e k . R e s u l t s i n d i c a t e 

t h a t t r e n d s f o r t h e f i s h c o m m u n i t y a r e s i m i l a r t o t h o s e f o r t h e 

c r u s t a c e a n s . T h a t i s , r e c r u i t m e n t of l a r v a l f i s h e s was a l s o 

d e p e n d e n t on t h e t i m i n g o f w a t e r exchange and t h e n a t u r a l 

r e c r u i t m e n t of a s p e c i e s . S p o t , f o r e x a m p l e , were t h e d o m i n a n t 

l a r v a l f i s h c a u g h t d u r i n g t h e s t u d y and were r e c r u i t e d d u r i n g a 

p e r i o d of l i t t l e w a t e r e x c h a n g e . T h e r e f o r e , of t h e 29,500 
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i n d i v i d u a l s c o l l e c t e d , 28,000 were c a u g h t i n t h e a d j a c e n t t i d a l 

c r e e k ; v e r y few s p o t were c a u g h t e n t e r i n g t h e i m p o u n d m e n t s . 

Data a l s o i n d i c a t e t h a t t h e r e was a d i s t i n c t d i f f e r e n c e i n 

t h e c o m p o s i t i o n of t h e f i s h c o m m u n i t i e s i n t h e impoundments and 

t h e a d j a c e n t open marsh. Impoundments were d o m i n a n t e d by 

m o s q u i t o f i s h , Gambus i a af f i n i s , w h i l e t h e mummychog, F u n d u l u s 

h e t e r o c l i t u s was t h e d o m i n a n t s p e c i e s i n t h e t i d a l c r e e k . These 

d i f f e r e n c e s c o u l d be a t t r i b u t e d n o t o n l y t o t h e r e c r u i t m e n t 

p a t t e r n s r e p o r t e d above b u t a l s o t o t h e s t r e s s f u l e n v i r o n m e n t a l 

c o n d i t i o n s ( h i g h t e m p e r a t u r e and low d i s s o l v e d o x y g e n ) t h a t 

o c c u r r e d d u r i n g t h e summer months o f low w a t e r e x c h a n g e . 

S t r e s s e d f i s h became l e t h a r g i c and were easy p r e y f o r b o t h 

w a t e r b i r d s and a l l i g a t o r s . Thus, o n l y t h o s e f i s h s p e c i e s t h a t 

were a b l e t o t o l e r a t e t h e s e c o n d i t i o n s were a b l e t o a d a p t t o t h e 

impoundment e n v i r o n m e n t . I n c r e a s e d w a t e r c i r c u l a t i o n may have 

r e d u c e d t h e s e s t r e s s f u l c o n d i t i o n s . 

W a t e r b i r d u t i l i z a t i o n of t h e impoundments and open marsh was 

a l s o compared; w a t e r f o w l was t h e p r i m a r y t a r g e t o f t h e management 

scheme used d u r i n g t h e s t u d y . Not s u r p r i s i n g l y , t h e managed 

impoundments were used by h i g h e r numbers of w a t e r b i r d s and more 

d i v e r s i f i e d w a t e r b i r d a s s e m b l a g e s t h a n t h e unmanaged marsh s i t e s . 

O v e r a l l u t i l i z a t i o n was d o m i n a t e d by s h o r e b i r d s (5 4.8%) f o l l o w e d 

by w a t e r f o w l ( 2 6 . 8 % ) . The i n t e r e s t i n g p o i n t t o n o t e on t h e 

w a t e r b i r d s t u d i e s i s t h a t t h e managed u n i t s p r o v i d e d a more 

a t t r a c t i v e h a b i t a t f o r numerous w a t e r b i r d t y p e s , n o t j u s t 

w a t e r f o w l . T h i s may have been due t o t h e e x t e n s i v e m u d f l a t s and 

s h a l l o w w a t e r a v a i l a b l e i n t h e impoundments t o w a d i n g and s h o r e 

b i r d s f o r f e e d i n g . 
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BASIC ECOLOGICAL CONCLUSIONS 

The impoundment and open marsh s y s t e m s were d i f f e r e n t w i t h 

r e s p e c t t o t h e o v e r a l l c o m m u n i t y s t r u c t u r e of s e v e r a l m a j o r 

b i o l o g i c a l components ( m a c r o p h y t e p l a n t s , m a c r o b e n t h i e 

i n v e r t e b r a t e s , and f i s h e s ) , h o w e v e r , t h e b a s i c e c o l o g i c a l 

p r o c e s s e s were s i m i l a r . T h i s s t u d y s u g g e s t s t h a t t h e m a j o r 

d i f f e r e n c e s b e t w e e n t h e two s y s t e m s a r e a f u n c t i o n of " w a t e r 

t r a n s f e r e f f e c t s " - t h e a l t e r a t i o n i n t i d a l f l o w and w a t e r 

e x c h a n g e . C o n s e q u e n t l y , t h e management scheme e m p l o y e d w i l l 

i n f l u e n c e t h e way a s p e c i e s i s a b l e t o a d a p t t o and use t h e 

impoundment s y s t e m . I n t e n s i v e management p r o v i d e s a way t o 

m i n i m i z e t h e s e " w a t e r t r a n s f e r e f f e c t s . " 

MANAGEMENT IMPLICATIONS 

The C o a s t a l W e t l a n d Impoundment P r o j e c t (CWIP) examined t h e 

e c o l o g i c a l c h a r a c t e r i s t i c s o f a b r a c k i s h impoundment s y s t e m 

s u b j e c t e d t o a s i n g l e , b u t t y p i c a l , management s t r a t e g y d e s i g n e d 

t o p r o v i d e h a b i t a t f o r w a t e r f o w l . R e s u l t s f r o m t h i s s t u d y a r e 

s p e c i f i c t o t h i s s i t e and can n o t be e x t r a p o l a t e d t o impoundments 

of l a r g e r s i z e , o t h e r s a l i n i t y r e g i m e s , or o t h e r management 

schemes. However, t h e r e a r e t r e n d s and p a t t e r n s w h i c h have been 

h i g h l i g h t e d i n t h i s r e s e a r c h t h a t w i l l a p p l y t o most managed 

impoundments and s e r v e as t h e b a s i s f o r t h e f o l l o w i n g o u t l i n e of 

management i m p l i c a t i o n s . 

Enhan cement of Impoundment Management f o r T a r g e t S p e c i e s . 

A l t h o u g h t h e management scheme employed d u r i n g t h e CWIP was 

h i g h l y s u c c e s s f u l i n p r o v i d i n g h a b i t a t f o r m i g r a t i n g w a t e r f o w l 
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and o t h e r w i l d l i f e , t h e biomass o f w i d g e o n g r a s s peaked i n i a t e 

summer and was n o t a v a i l a b l e f o r ducks i n t h e f a l l . As m e n t i o n e d 

e a r l i e r , t h i s s i t u a t i o n was p r o b a b l y due t o t h e h i g h s a l i n i t i e s 

and t e m p e r a t u r e s e x p e r i e n c e d d u r i n g t h e summer. F l o o d i n g t h e 

impoundments l a t e r i n t h e y e a r , such as J u n e - J u l y , may d e l a y t h e 

peak o f w i d g e o n g r a s s u n t i l O c t o b e r or November when i t w o u l d 

c o u l d be e a t e n by w a t e r f o w l . A l s o , i n c r e a s e d f l o w o f f r e s h w a t e r 

f r o m an u p l a n d r e s e r v e pond may h e l p t o d e c r e a s e s a l i n i t i e s and 

m a i n t a i n t h e w i d g e o n g r a s s c r o p a l i t t l e l o n g e r . 

The p o t e n t i a l f o r managing impoundments f o r o t h e r w i l d l i f e 

has a l s o been documented d u r i n g t h e CWIP. Bob J o y n e r , l a t e r i n 

th e w o r k s h o p , w i l l p r e s e n t i n f o r m a t i o n on m u l t i - s p e c i e s 

u t i l i z a t i o n of impoundments d u r i n g t h e CWIP and o t h e r management 

c o n s i d e r a t i o n s f o r non-game w i l d l i f e . A d d i t i o n a l r e s e a r c h 

s p o n s o r e d by t h e C o n s o r t i u m has d e m o n s t a t e d t h e p o t e n t i a l f o r 

e x t e n s i v e s h r i m p c u l t u r e i n i m p o u n d m e n t s . By d e l a y i n g t h e t i m e 

o f f l o o d i n g t o t h e p e r i o d of maximum l a r v a l d e n s i t i e s i n t h e 

a d j a c e n t t i d a l c r e e k s i t i s p o s s i b l e t o s e l e c t i v e l y r e c r u i t 

n a t u r a l l y - o c c u r i n g p e n a e i d s h r i m p . The s u c c e s s of t h i s t y p e of 

e x t e n s i v e c u l t u r e i s d e p e n d e n t on t h e c i r c u l a t i o n o f a t l e a s t 10% 

of t h e impoundment w a t e r volume each d a y , b u t more i m p o r t a n t l y , 

on t h e a v a i l a b i l i t y of s h r i m p l a r v a e i n t h e w a t e r c o l u m n . I f t h e 

s h r i m p a r e n o t a v a i l a b l e d u r i n g t h e f l o o d i n g p r o c e s s t h e n t h e y 

w i l l n o t be r e c r u i t e d i n t o t h e impoundment. Jack W h e t s t o n e w i l l 

d i s c u s s a q u a c u l t u r e i n impoundments i n more d e t a i l l a t e r i n t h e 

w o r k s h o p . 
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Enhancement of Water Q u a l i t y C o n d i t i o n s . The w a t e r q u a l i t y 

c o n d i t i o n s ( e . g . , t e m p e r a t u r e , s a l i n i t y and DO) i n i m p o u n d m e n t s , 

may become s t r e s s f u l t o many e s t u a r i n e s p e c i e s d u r i n g t h e summer 

months of l o w w a t e r c i r c u l a t i o n . I n t h i s s t u d y , t h e s e c o n d i t i o n s 

a d v e r s e l y a f f e c t e d b e n t h i c m a c r o f a u n a , f i s h and c r u s t a c e a n s . 

G r e a t e r w a t e r c i r c u l a t i o n t h r o u g h o u t t h e summer may r e d u c e t h e 

t h r e a t f r o m t h e s e c o n d i t i o n s . 

Enhancement of N o n - t a r g e t S p e c i e s M i g r a t i o n . R e s u l t s o f t h i s 

s t u d y s u g g e s t t h a t one o f t h e p r i m a r y i m p a c t s of impoundments on 

marsh p r o c e s s e s i s t h e b a r r i e r t h a t d i k e s p r e s e n t t o l a r v a l and 

j u v e n i l e s t a g e s o f e s t u a r i n e f i s h and c r u s t a c e a n s . By a l t e r i n g 

s p e c i f i c management t e c h n i q u e s t o i m p r o v e w a t e r c i r c u l a t i o n and 

t i m i n g i t may be p o s s i b l e t o m i n i m i z e t h e s e i m p a c t s . 

M o s q u i t o P r o d u c t i o n and Impoundment Management. A l t h o u g h t h e 

CWIP d i d n o t s p e c i f i c a l l y a d d r e s s m o s q u i t o p r o d u c t i o n , t e c h n i q u e s 

were used t o r e d u c e m o s q u i t o b r e e d i n g i n t h e s t u d y i m p o u n d m e n t s . 

T h i s i n v o l v e s a d r a w d o w n - r e f l o o d c y c l e t h a t removes h a t c h i n g 

m o s q u i t o l a r v a e f r o m t h e impoundment beds d u r i n g t h e f l o o d i n g 

c y c l e and makes them a v a i l a b l e t o s m a l l f i s h . Such management 

a l t e r a t i o n s can s i g n i f i c a n t l y r e d u c e m o s q u i t o p r o d u c t i o n i n 

b r a c k i s h i m p o u n d m e n t s . 

These f o u r i m p l i c a t i o n s have been summarized f r o m t h e 

r e s u l t s of t h e CWIP and a r e t h e b a s i s f o r t h i s w o r k s h o p . The 

f o l l o w i n g p r e s e n t a t i o n s w i l l s u g g e s t s p e c i f i c management 

t e c h n i q u e s t o a d d r e s s t h e s e c o n c e r n s . 
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D i k e s and W a t e r C o a t r o l S t r u c t u r e s : R e p a i r s , M a i n t e n a n c e 
and P o t e n t i a l f o r Management 

R. K e n n e t h W i l l i a m s 
K i n l o c h P l a n t a t i o n 

TIDAL IMPOUNDMENTS IN SOUTH CAROLINA 

T h e r e a r e p r e s e n t l y some 70,000 a c r e s o f t i d a l impoundments 

i n S o u t h C a r o l i n a . Most of t h i s a c r e a g e i s l o c a t e d i n a r e a s o f 

t i d a l f r e s h w a t e r w e t l a n d s t h a t were f o r m e r l y d e v e l o p e d f o r t h e 

c u l t u r e of r i c e d u r i n g t h e e i g h t e e n t h and n i n e t e e n t h c e n t u r i e s . 

T h e r e a r e , however, a r e p r e s e n t a t i v e number o f impoundments i n 

n e w l y - d i k e d b r a c k i s h and s a l i n e t i d a l w e t l a n d s . A d d i t i o n a l l y , 

some 74,000 a c r e s of o l d r i c e f i e l d s e x i s t t h a t have f a l l e n i n t o 

d i s r e p a i r and no l o n g e r f u n c t i o n as i m p o u n d m e n t s . 

Most t i d a l i mpoundments a r e managed t o a t t r a c t w i n t e r i n g 

w a t e r f o w l . Some impoundments a r e used f o r a q u a c u l t u r e , w h i l e 

some a r e m u l t i - p u r p o s e and used as c o m b i n a t i o n c a t t l e -

g r a z i n g / wa t e r f o w l o r a q u a c u l t u r e / w a t e r f o w l i m p o u n d m e n t s . 

B e f o r e p r o c e e d i n g f u r t h e r , t h e t e r m t i d a l impoundment s h o u l d 

be d e f i n e d . For p u r p o s e s o f t h i s p a p e r , t h e t e r m t i d a l 

impoundment s h a l l mean any a r e a o f t i d a l w e t l a n d e n c l o s e d by an 

e a r t h e n d i k e a l o n g w h i c h v a r i o u s w a t e r c o n t r o l s t r u c t u r e s have 

been i n s t a l l e d f o r d r a i n i n g o r f l o o d i n g o f t h e a r e a . Perhaps a 

more a p p r o p r i a t e d e f i n i t i o n o f t i d a l impoundment w o u l d be managed 

or manageable t i d a l w e t l a n d s . I n d e e d , i t i s t h e i n h e r e n t 

m a n a g e a b i l i t y of t i d a l i mpoundments t h a t adds t o t h e i r u n i q u e n e s s 

and i m p o r t a n c e among c o a s t a l e c o s y s t e m s . 

The S o u t h C a r o l i n a Sea G r a n t C o n s o r t i u m q u e s t i o n n a i r e s e n t 

t o a l l impoundment owners i n S o u t h C a r o l i n a p r o d u c e d some 
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i n t e r e s t i n g i n f o r m a t i o n . The q u e s t i o n n a i r e r e s u l t s i n d i c a t e t h a t 

t i d a l impoundments i n So u t h C a r o l i n a e x i s t i n v a r i o u s s t a t e s o f 

r e p a i r and management p o t e n t i a l . The r e s p o n d e n t s r e p o r t e d t h a t 

34,000 a c r e s of impoundments e x i s t t h a t a r e i n f u n c t i o n a l 

c o n d i t i o n , i . e . , d i k e s and w a t e r c o n t r o l s t u r c t u r e s a r e i n t a c t 

and o p e r a b l e . Some 16,300 a c r e s e x i s t t h a t need t o have d i k e s 

r e p a i r e d o r w a t e r c o n t r o l s t r u c t u r e s r e p a i r e d o r r e p l a c e d t o be 

f u n c t i o n a l . S u r p r i s i n g l y , o v e r 3000 a c r e s of impoundments had no 

p o t e n t i a l f o r t i d a l e x c h a n g e . The t o t a l a c r e a g e r e p o r t e d i s l e s s 

t h a t 70,000 a c r e s ( a s p r e v i o u s l y m e n t i o n e d ) , because n o t a l l 

l a n d o w n e r s r e s p o n d e d t o t h e q u e s t i o n n a i r e . 

DIKES AND WATER CONTROL STRUCTURES - REPAIRS AND MAINTENANCE 

D i k e s 

The r e s u l t s o f t h e Sea G r a n t q u e s t i o n n a i r e i n d i c a t e t h a t 

some i n f o r m a t i o n s h o u l d be a v a i l a b l e t o t h e p u b l i c ( l a n d o w n e r s ) 

r e g a r d i n g r e p a i r s and m a i n t e n a n c e of e x i s t i n g impoundments and 

w a t e r c o n t r o l s t r u c t u r e s t h a t w o u l d a l l o w f o r u p g r a d i n g t h e 

p h y s i c a l f e a t u r e s of t i d a l impoundments and i m p r o v e on t h e i r 

f u n c t i o n i n g and management p o t e n t i a l . 

Modern d i k e s a r e c o n s t r u c t e d and m a i n t a i n e d by use o f t h e 

d r a g l i n e d r e d g e or h y d r a u l i c t r a c k h o e . These machines must 

n e c e s s a r i l y work o f f of wooden mats f o r s a f e t y and s t a b i l i t y . As 

p r e v i o u s l y m e n t i o n e d , most p r e s e n t l y e x i s t i n g impoundments were 

c o n s t r u c t e d i n t h e o l d r i c e f i e l d s . The d i k e s used t o e n c l o s e 

t h e s e a r e a s were u s u a l l y c o n s t r u c t e d a t o p t h e o l d r i c e f i e l d d i k e , 

a l t h o u g h some d i d n o t f o l l o w t h o s e c o u r s e s e x a c t l y . A l s o , i t has 
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been m e n t i o n e d t h a t some impoundments have been c o n s t r u c t e d i n 

b r a c k i s h and s a l i n e w e t l a n d s t h a t were n o t f o r m e r r i c e f i e l d s . 

Modern d i k e s may v a r y i n d i m e n s i o n d e p e n d i n g upon w h e t h e r or 

not t h e y a r e t o be d r i v e n upon. The d i k e t h a t i s be d r i v e n upon 

s h o u l d be a t l e a s t 12' w i d e on t h e t o p s u r f a c e . The w i d t h f r o m 

h e e l t o t o e , i . e . , t h e base of t h e d i k e , s h o u l d be a t l e a s t 25' 

t o 30'. D i k e s t h a t a r e n o t t o be used f o r t r a v e l w i t h m o t o r 

v e h i c l e s may be p r o p o r t i o n a t e l y s m a l l e r i n t o p s u r f a c e w i d t h and 

base w i d t h . 

The most i m p o r t a n t d i m e n s i o n t o c o n s i d e r f o r any d i k e i s t h e 

h e i g h t . A l l d i k e s s h o u l d be a t l e a s t 3' above mean h i g h w a t e r a t 

t h e v a r i o u s l o c a t i o n s a l o n g t h e S o u t h C a r o l i n a c o a s t . K e e p i n g i n 

mind t h a t t i d a l a m p l i t u d e s i n c r e a s e f r o m N o r t h t o So u t h a l o n g t h e 

c o a s t and d e c r e a s e as you p r o c e e d u p s t r e a m i n t i d a l r i v e r s , i t i s 

recommended t h a t t h e mean h i g h w a t e r mark be l o c a t e d u s i n g a 

s u r v e y o r ' s l e v e l . The d r a g l i n e or t r a c k h o e o p e r a t o r r e p a i r i n g 

t h e d i k e w o u l d t h e n be a b l e t o c o n s t r u c t t h e d i k e a c c o r d i n g t o 

t h e v e r t i c a l g r a d i e n t d e t e r m i n e d by t h e s u r v e y o r ' s l e v e l . D i k e s 

c o n s t r u c t e d a t 3' above mean h i g h w a t e r w o u l d be c a p a b l e o f 

w i t h s t a n d i n g a l l b u t s t o r m s u r g e s d u r i n g h u r r i c a n e s , c a t a s t r o p h i c 

f l o o d s , o r phenomena such as a s y z y g y . (A s y z y g y i n c r e a s e s t i d a l 

r a n g e when t h e e a r t h , moon and sun a r e i n l i n e . ) 

The t e r m " t o p p i n g " i s used t o d e s c r i b e t h e e x c a v a t i o n o f 

m a t e r i a l t o be p l a c e d on d i k e s t h a t a r e t o o low or t h a t have 

s e t t l e d b elow g r a d e . D i k e s s h o u l d be t o p p e d h i g h enough t o a l l o w 

f o r s h r i n k a g e and s e t t l i n g as d r y i n g o c c u r s so t h a t t h e n e t 

h e i g h t w o u l d be 3' above mean h i g h w a t e r . The machine o p e r a t o r 
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w i l l be a b l e t o i d e n t i f y t h e b e s t s o i l m a t e r i a l a t each s i t e as 

th e m a c h i n e r y p r o g r e s s e s a r o u n d t h e d i k e . C lay base s o i l s a r e — 

b e s t f o r d i k e r e p a i r s . The o p e r a t o r s may e n c o u n t e r p e a t or sandy 

s o i l s i n some a r e a s . I f t h e m a t e r i a l b e i n g e x c a v a t e d f o r d i k e 

r e p a i r has a h i g h sand c o n t e n t , i t may be n e c e s s a r y t o key t h e 

d i k e t o p r e v e n t e r o s i o n of or l e a k a g e t h r o u g h t h e d i k e . K e y i n g 

r e f e r s t o e x c a v a t i n g a t r e n c h i n t h e c e n t e r of t h e d i k e , w h i c h i s — 

f i l l e d w i t h i m p e r v i o u s s o i l s s u ch as c l a y . S o i l s w i t h h i g h c l a y 

c o n t e n t may have t o be b r o u g h t i n f o r k e y i n g i f u n a v a i l a b l e a t 

t h e c o n s t r u c t i o n s i t e . 

Modern d i k e s s h o u l d be c o n s t r u c t e d o f m a t e r i a l s e x c a v a t e d 
j t 

f r o m a b o r r o w p i t o r c a n a l on t h e i n s i d e of t h e impoundment. The _ 

berm, or a r e a b e t w e e n t h e base o f t h e d i k e and t h e b o r r o w p i t , 

s h o u l d be l e f t as w i d e as t h e m a c h i n e r y b e i n g used w i l l a l l o w . 

L e a v i n g e x t r a w i d t h w i l l a l l o w f o r s u b s e q u e n t passes a r o u n d t h e 

d i k e when and i f f u t u r e t o p p i n g becomes n e c e s s a r y t o keep t h e 

h e i g h t up t o g r a d e . — 

S t o p p a g e s a r e c o n s t r u c t e d a t p o i n t s where t h e c o u r s e o f t h e 

d i k e i s i n t e r s e c t e d by s m a l l t r i b u t a r i e s o r c a n a l s . Those p o i n t s 

may need b u l k h e a d i n g w i t h t r e a t e d p i l i n g s and l u m b e r f o r added 

s t r e n g t h . 
I 

A f t e r d r y i n g and s e t t l i n g ( u s u a l l y 3 t o 6 m o n t h s ) , t h e d i k e _ 

s h o u l d be g r a d e d t o u n i f o r m i t y a l o n g i t s e n t i r e l e n g t h . The t o p _ 
s u r f a c e of t h e d i k e s h o u l d be g r a d e d t o l e a v e a s l i g h t r i s e i n 

t h e m i d d l e t o a l l o w r a i n f a l l t o r u n o f f w i t h o u t damage t o t h e 

s u r f a c e . To f u r t h e r p r o t e c t t h e t o p s u r f a c e o f t h e d i k e , i t i s 
• 

a d v i s a b l e t o t o p s e e d w i t h g r a s s e s , such as b a h i a g r a s s o r _ 
-23-
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lie rmudag r as s , t o r e t a r d e r o s i o n . C e r t a i n s o i l s s u ch as c a t c l a y s 

t h a t become a c i d i c a f t e r d r y i n g may r e q u i r e t o p p i n g w i t h a l a y e r 

o f sand b e f o r e g r a s s e s can be e s t a b l i s h e d . Do n o t e n c o u r a g e 

l a r g e s h r u b s o r t r e e s t o e s t a b l i s h on t h e d i k e s i n c e r o o t s y s t e m s 

o f t h i s t y p e v e g e t a t i o n may damage t h e d i k e i f u p r o o t e d d u r i n g a 

wi nd s t o r m. 

Water C o n t r o l S t r u c t u r e s 

W a ter c o n t r o l s t r u c t u r e s , sometimes c a l l e d t r u n k s , a r e 

employed t o d r a i n and f l o o d t i d a l i m p o u n d m e n t s . The s t r u c t u r e s 

may be c o n s t r u c t e d of wood, m e t a l , o r c o n c r e t e and v a r y 

c o n s i d e r a b l y i n d e s i g n , s i z e , and f u n c t i o n . I t i s o f u t m o s t 

i m p o r t a n c e t o have a s t r u c t u r e d e s i g n e d t o accommodate t h e 

p h y s i c a l f e a t u r e s o f t h e a r e a and t h e o b j e c t i v e s of t h e 

management p l a n . T h a t i s t o s a y , t h e t r u n k s h o u l d f i t t h e 

s i t u a t i o n by d e s i g n , s i z e , and f u n c t i o n . 

C o n c r e t e s t r u c t u r e s a r e n o t i n common use i n S o u t h C a r o l i n a 

t i d a l i m p o u n d m e n t s . A f t e r i n s t a l l a t i o n , t h e s e s t r u c t u r e o f t e n 

s e t t l e u n e v e n l y i n t h e u n s t a b l e s u b s t r a t e o f t i d a l w e t l a n d s , 

t h e r e b y a f f e c t i n g t h e i r p r o p e r f u n c t i o n i n g . These s t r u c t u r e s 

w i l l l i k e l y p r e s e n t more p r o b l e m s t h a n t h e y a r e w o r t h . 

C o n s e q u e n t l y , t h e y a r e n o t recommended f o r use i n t i d a l 

i m p o u n d m e n t s , e s p e c i a l l y s i n c e o t h e r t y p e s o f w a t e r c o n t r o l 

s t r u c t u r e s a r e a v a i l a b l e . 

M e t a l t r u n k s , u s u a l l y c o n s t r u c t e d o f heavy gauge a l u m i n u m 

or s t e e l , a r e i n common use i n So u t h C a r o l i n a , p a r t i c u l a r l y i n 

t o t a l l y f r e s h w a t e r a r e a s . M e t a l s t r u c t u r e s may c o n s i s t of a 
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l e n g t h of c o r r u g a t e d p i p e 36 i n c h e s i n d i a m e t e r ( g e n e r a l l y ) and 

v a r y i n l e n g t h f r o m 20' t o 40'. M e t a l t r u n k s may have a f l a p g a t e 

on one end and a f l a s h b o a r d r i s e r on t h e o t h e r o r t h e y may have 

f l a p g a t e s on b o t h ends w i t h an a s s o c i a t e d f l a s h b o a r d r i s e r . One 

v e r y p o p u l a r c o n f i g u r a t i o n c o n s i s t s o f a s t r u c t u r e w i t h a 

f l a p g a t e on t h e o u t s i d e e n d, a c o m b i n a t i o n f l a p g a t e / s c r e w g a t e on 

t h e i n s i d e , and an a s s o c i a t e d f l a s h b o a r d r i s e r on t h e i n s i d e end. 

M e t a l t r u n k s a r e q u i t e f u n c t i o n a l i n m o v i n g w a t e r o r 

s t a b i l i z i n g w a t e r l e v e l s a t a p r e s e t l e v e l . T h e r e a r e some 

p r o b l e m s w i t h m e t a l s t r u c t u r e s t h a t s h o u l d be n o t e d . F i r s t o f 

a l l , t h e concave o r s l o t t e d f l a p g a t e n o r m a l l y b u i l t i n t o t h e s e 

s t r u c t u r e s may cause d i f f i c u l t y when a t t e m p t i n g t o m a n i p u l a t e 

them e x c e p t on a s l a c k t i d e or a low head o f w a t e r p r e s s i n g on 

t h e f l a p g a t e . A l s o , m e t a l s t r u c t u r e s may r u s t or c o r r o d e i n even 

s l i g h t l y b r a c k i s h w a t e r s . M e t a l t r u n k s a l s o t e n d t o become 

c l o g g e d w i t h w a t e r b o r n e d e b r i s such as r o o t s , l o g s , and a q u a t i c 

v e g e t a t i o n . T h i s d e b r i s w o u l d have t o be p h y s i c a l l y removed f r o m 

t h e s t r u c t u r e . 

T r u n k s c o n s t r u c t e d o f p r e s s u r e - t r e a t e d wood, e i t h e r c r e o s o t e 

or c o p p e r c h r o m a t e a r s e n i c , a r e a l s o i n common use i n S o u t h 

C a r o l i n a . Wooden t r u n k s , l i k e m e t a l s t r u c t u r e s , a r e a l s o 

c o n s t r u c t e d w i t h v a r i o u s c o n f i g u r a t i o n s . The t y p i c a l wooden 

t r u n k c o n s i s t s of a wooden box 2' h i g h x 5' w i d e , and e i t h e r 28' 

or 36' l o n g . These t r u n k s u s u a l l y have two s l i d i n g f l a p g a t e s o r 

d o o r s and a wooden f l a s h b o a r d r i s e r o r s p i l l w a y a t t a c h e d t o t h e 

box. O t h e r d e s i g n s i n c l u d e s t r u c t u r e s w i t h two s l i d i n g f l a p g a t e s 

and no r i s e r , o r a s l i d i n g f l a p g a t e on one end and a r i s e r on t h e 
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o t h e r end. V a r i o u s d i m e n s i o n s , o t h e r t h a n t h e s t a n d a r d 2' x 5' 

a r e a l s o i n use. T r u n k s m e a s u r i n g 1' x 4' x 28' and 2' x 4' x' 

28' or 36' a r e common. 

As s t a t e d , t h e s e wooden s t r u c t u r e s a r e c o n s t r u c t e d u s i n g 

p r e s s u r e - t r e a t e d c r e o s o t e or 2.5 pound CCA l u m b e r , u s u a l l y p i n e . 

H o t - d i p p e d g a l v a n i z e d n a i l s and b o l t s may be used i n t h e b u i l d i n g 

of t r u n k s t o be i n s t a l l e d i n s t r i c t l y f r e s h w a t e r t i d a l a r e a s . 

For t h e sake of l o n g e v i t y , s t a i n l e s s s t e e l n a i l s and b o l t s a r e 

recommended f o r b u i l d i n g t r u n k s t o be used i n b r a c k i s h or s a l i n e 

z o n e s . Where t h e t r u n k e x t e n d s beyond t h e b u l k h e a d , b o t t o m 

b o a r d s of t h e box a r e g e n e r a l l y a weak s p o t and s h o u l d be 

f a s t e n e d on w i t h s t a i n l e s s l a g s c r e w s or t r e a t e d pegs and n a i l s . 

A l s o , scabs can be added t o t h e s i d e o f t h e box so t h a t n a i l s can 

be d r i v e n i n t o t h e ends of t h e s e v u l n e r a b l e b o t t o m b o a r d s . 

G e n e r a l l y , wooden t r u n k s can be m a n i p u l a t e d on any t i d e 

u s i n g t h e s l i d i n g f l a p g a t e s . Due t o t h e i r r e c t a n g u l a r o p e n i n g s , 

t h e s e s t r u c t u r e s do n o t o f t e n become c l o g g e d w i t h d e b r i s . 

C r e o s o t e - t r e a t e d wooden t r u n k s have w i t h s t o o d t h e t e s t o f t i m e . 

Some wood r o t and m a r i n e b o r e r damage has been r e p o r t e d i n t h e 

C C A - t r e a t e d wooden t r u n k s , where t h e wood d i d n o t a c c e p t t h e 

p r e s s u r e t r e a t m e n t a d e q u a t e l y o r was n o t t r e a t e d a t t h e 2.5 pound 

l e v e l . 

A l l t r u n k s , be t h e y c o n c r e t e , m e t a l , or wood, s h o u l d be 

i n s t a l l e d p e r p e n d i c u l a r t o t h e c o u r s e of t h e d i k e and w i t h t h e 

b o t t o m o f t h e s t r u c t u r e a t , o r s l i g h t l y b e l o w , t h e mean low w a t e r 

m a r k a t t h e i n s t a l l a t i o n s i t e . A g a i n , a s u r v e y o r ' s l e v e l may be 

used t o a s c e r t a i n t h e mean low w a t e r mark. A b u l k h e a d s h o u l d be 
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c o n s t r u c t e d u s i n g t r e a t e d p i l i n g s and l u m b e r t o h o l d t h e c o n t r o l 

s t r u c t u r e i n p l a c e . T r u n k s and b u l k h e a d s r e q u i r e p e r i o d i c 

m a i n t e n a n c e i f t h e y a r e t o c o n t i n u e t o f u n c t i o n p r o p e r l y . 

F l a p g a t e s and h a r d w a r e s h o u l d be i n s p e c t e d r e g u l a r l y so t h e y may 

be r e p a i r e d o r r e p l a c e d when n e c e s s a r y . 

B u l k h e a d s may backwash w h i l e f l o o d i n g o r d r a i n i n g i s t a k i n g 

p l a c e . P i l i n g s and s h e e t i n g b o a r d s i n t h e b u l k h e a d s h o u l d be 

r e p l a c e d as t h e y show s i g n s o f d e t e r i o r a t i o n . R e p l a c e t h e 

b a c k f i l L Ln w a s h o u t s and c a v e i n s b e h i n d b u l k h e a d s when t h e y 

o c c u r ; o t h e r w i s e , t h e e n t i r e s t r u c t u r e may by u n d e r m i n e d and 

e v e n t u a l l y wash o u t . Any s m a l l c r a c k s i n t h e b u l k h e a d must be 

p l u g g e d t o a v o i d t h e s l o w l o s s of f i l l m a t e r i a l w h i c h causes 

c a v e - i n s . 

M e t a l t r u n k s i n c u r r e n t use a r e s u b j e c t t o r u s t and 

c o r r o s i o n i n a r e a s w i t h even s m a l l amounts of s a l i n i t y . P a r t s o f 

m e t a l s t r u c t u r e s exposed t o t h e a t m o s p h e r e can be v i s u a l l y 

i n s p e c t e d f o r r e p a i r o r r e p l a c e m e n t . I f t h e c u l v e r t p o r t i o n of a 

m e t a l s t r u c t u r e b e g i n s t o l e a k , t h e e n t i r e s t r u c t u r e may have t o 

be removed f o r r e p a i r o r r e p l a c e m e n t . C o l l a r s a t t a c h i n g c u l v e r t s 

t o s t u b s s h o u l d be two f e e t w i d e and b o l t s used s h o u l d n o t be 

s u s c e p t i b l e t o c a t a l y t i c a c t i o n . The s t u b s h o u l d be l o n g enough 

t o e x t e n d w e l l i n t o t h e bank t o g i v e e x t r a s u p p o r t . 

T r u n k s c o n s t r u c t e d o f p r e s s u r e - t r e a t e d wood l a s t l o n g e r t h a n 

m e t a l t r u n k s i n c u r r e n t use. Many wooden t r u n k s i n use t o d a y 

have been i n p l a c e and o p e r a b l e f o r t h i r t y y e a r s or l o n g e r 

w i t h o u t r e p l a c e m e n t . However, when wooden t r u n k s f a i l t o 

f u n c t i o n p r o p e r l y or become d i s a b l e d , t h e s e s t r u c t u r e s can be 
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c a r e f u l l y removed f r o m t h e d i k e f o r r e p a i r and r e - i n s t a l l a t i o n . 

O f t e n , a l l t h a t i s needed f o r r e s t o r i n g t h e wooden t r u n k t o f u l l 

s e r v i c e a b i l i t y i s r e p l a c e m e n t of a few b o a r d s o r h a r d w a r e . 

When a t r u n k has t o be removed f o r r e p a i r o r r e p l a c e m e n t , i t 

i s common p r a c t i c e t o move a few f e e t down t h e d i k e away f r o m t h e 

o l d i n s t a l l a t i o n p o i n t . T r u n k s i n s t a l l e d a t t h e o l d i n s t a l l a t i o n 

s i t e may s e t t l e u n e v e n l y and become n o n - f u n c t i o n a l . T r u n k 

i n s t a l l a t i o n s h o u l d be a v o i d e d i n s a n d y - b o t t o m s i t e s o r t h e t r u n k 

s h o u l d be bedded i n i m p e r m e a b l e c l a y and t h e b u l k h e a d l i n e d w i t h 

c l a y . 

C o s t of R e p a i r s and M a i n t e n a n c e 

Cost of d i k e r e p a i r and m a i n t e n a n c e v a r i e s f r o m o p e r a t o r t o 

o p e r a t o r and f r o m r e g i o n t o r e g i o n . D r a g l i n e or t r a c k h o e 

o w n e r / o p e r a t o r s may be e m p l o y e d t o work by t h e h o u r o r by t h e 

j o b . P r e s e n t l y , d r a g l i n e o w n e r / o p e r a t o r s a r e c h a r g i n g f r o m 

$35.0 0 t o $65.00 per h o u r o f o p e r a t i o n . T r a c k h o e o w n e r / o p e r a t o r s 

are c h a r g i n g f r o m $65.00 t o $7 5.00 per hour of o p e r a t i o n . These 

m a c h i n e s v a r y i n s i z e and speed o f o p e r a t i o n . G e n e r a l l y , t h e 

t r a c k h o e o p e r a t o r s can c o n s t r u c t more l i n e a r f e e t of d i k e per day 

t h a n can t h e d r a g l i n e o p e r a t o r . 

C o s t s per l i n e a r f o o t of d i k e u s i n g a d r a g l i n e d r e d g e w o u l d 

a v e r a g e b e t w e e n $3.00 and $5.00 d e p e n d i n g on how may v e r t i c a l 

f e e t of t o p p i n g i s n e c e s s a r y t o b r i n g t h e d i k e up t o g r a d e . 

T r a c k h o e c o s t s w o u l d be c l o s e r t o $2.00 t o $3.00 per l i n e a r f o o t 

f o r t h e same t y p e o f e x c a v a t i o n . 

There a r e no f i g u r e s f o r r e p a i r a n d / o r r e p l a c e m e n t o f 

c o n c r e t e w a t e r c o n t r o l s t r u c t u r e s . P a r t s of m e t a l s t r u c t u r e s 
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( s u c h as f l a p g a t e s or r i s e r s ) may be r e p a i r e d o r r e p l a c e d . C osts 

w o u l d v a r y a c c o r d i n g t o a v a i l a b i l i t y and m a n u f a c t u r e r . 

P r e s e n t l y , a s t a n d a r d m e t a l t r u n k 36" i n d i a m e t e r and 36' i n 

l e n g t h w i t h two f l a p g a t e s and a r i s e r w o u l d c o s t a p p r o x i m a t e l y 

$5,000.00 t o r e p l a c e . I n s t a l l a t i o n c o s t s ( i n c l u d i n g b u l k h e a d ) 

w o u l d range b e t w e e n $2,000.00 and $2,500.00. 

R e p a i r c o s t s f o r wooden t r u n k s w o u l d v a r y w i t h t h e p r i c e of 

t r e a t e d l u m b e r and t h e p r i c e of g a l v a n i z e d o r s t a i n l e s s s t e e l 

h a r d w a r e . R e p l a c e m e n t c o s t f o r t h e s t a n d a r d wooden t r u n k o f 2' x 

5' x 28' o r 36' d i m e n s i o n s w o u l d be b e t w e e n $4,000.00 and 

$4,500.00 f o r b u i l d i n g m a t e r i a l s o n l y . I n s t a l l a t i o n c o s t s 

( i n c l u d i n g b u l k h e a d ) w o u l d range b e t w e e n $2,000.00 and $2,500.00. 

These e s t i m a t e s do n o t i n c l u d e t h e l a b o r f e e t o c o n s t r u c t t h e 

wooden t r u n k . 

POTENTIAL FOR MANAGEMENT 

S e v e r a l q u e s t i o n s come t o mind when c o n s i d e r i n g u p g r a d i n g 

management i n a t i d a l i m poundment: 

1. How does t h e s i z e of t h e impoundment r e l a t e t o management 

p o t e n t i a l ? 

I n S o u t h C a r o l i n a , e x i s t i n g impoundments range i n s i z e f r o m 

l e s s t h a n an a c r e t o s e v e r a l t h o u s a n d a c r e s . G e n e r a l l y , l a r g e r 

i m p o u n d m e n t s , i . e . , t h o s e of 200 a c r e s o r more, w o u l d be more 

c o n d u c i v e t o management f o r w i n t e r i n g w a t e r f o w l . S m a l l e r 

impoundments w o u l d l i k e l y be more c o n d u c i v e t o t h e many e x a c t i n g 

r e q u i r e m e n t s n e c e s s a r y f o r a q u a c u l t u r e . 

C r o s s - d i k i n g ( o r s u b d i v i d i n g ) l a r g e impoundments i s an 

a l t e r n a t i v e w o r t h c o n s i d e r i n g i f t h i s w o u l d i n c r e a s e management 

p o t e n t i a l on an a r e a . 

-29-



2. How does t h e s i z e and d e s i g n of t h e w a t e r c o n t r o l s t r u c t u r e 

a f f e c t management p o t e n t i a l ? 

The s i z e of t h e s t r u c t u r e i s i m p o r t a n t . I f t h e r e i s any 

d o u b t t h a t t h e s t r u c t u r e b e i n g c o n s i d e r e d can a c c o m p l i s h 

management g o a l s , a l w a y s c o n s i d e r i n s t a l l a t i o n o f a l a r g e r 

s t r u c t u r e . O b v i o u s l y , s m a l l e r t r u n k s may a d e q u a t e l y s e r v e s m a l l 

i m p o u n d m e n t s . B u t , when c o n s i d e r i n g t h a t r a p i d , h i g h - v o l u m e 

movement o f w a t e r i s o f t e n d e s i r a b l e f o r one management p r a c t i c e 

o r a n o t h e r , t h e l a r g e r s t r u c t u r e w o u l d be t h e b e s t a l t e r n a t i v e . 

The s t a n d a r d 2' x 5' x 28' o r 36' wooden t r u n k i s o f t e n 

r e comme nded. 

When c o n s i d e r i n g d e s i g n , t h e i d e a l c o n t r o l s t r u c t u r e w o u l d 

be a t r u n k t h a t has two f l a p g a t e s and an a s s o c i a t e d f l a s h b o a r d 

r i s e r . These t r u n k s a l l o w f o r f l o o d i n g and d r a i n i n g t h e 

impoundment w i t h a minimum of e f f o r t . S t r u c t u r e s of t h i s d e s i g n 

w i l l c o n t r o l w a t e r l e v e l s a u t o m a t i c a l l y once t h e y a r e a d j u s t e d . 

The r i s e r s t r u c t u r e a l l o w s f o r d i s c h a r g e of w a t e r s above a p r e 

s e t l e v e l i n d e p e n d e n t of t h e f l a p g a t e s . 

F l a s h b o a r d r i s e r s t r u c t u r e s t h a t have no f l a p g a t e s may be 

i n s t a l l e d i n c r o s s - d i k e s t o a i d i n c i r c u l a t i o n of w a t e r b e t w e e n 

a d j a c e n t i m p o u n d m e n t s . 

3. How many w a t e r c o n t r o l s t r u c t u r e s a r e n e c e s s a r y f o r p r o p e r 

manageme n t ? 

On l a r g e r i m p o u n d m e n t s , one t r u n k f o r each 150 a c r e s s h o u l d 

be i n s t a l l e d f o r p r o p e r management. F l a s h b o a r d r i s e r s t r u c t u r e s 

i n c r o s s - d i k e s b e t w e e n a d j a c e n t impoundments may be c o u n t e d i n 

th e f o r m u l a . On impoundments o f 150 a c r e s or l e s s , a t L e a s t two 
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s t r u c t u r e s s h o u l d be i n s t a l l e d i f t h e l o c a t i o n of t h e d i k e s i n 

r e l a t i o n t o a d j a c e n t t i d a l t r i b u t a r i e s o r a d j a c e n t impoundments 

i s such t h a t t h i s w o u l d be p o s s i b l e . 

4. How does t h e i n s t a l l a t i o n o f t h e c o n t r o l s t r u c t u r e a f f e c t 

management p o t e n t i a l ? 

When i n s t a l l e d a t , or some f o u r t o s i x i n c h e s b e l o w , t h e 

mean low w a t e r mark, a t r u n k w i l l a l l o w f o r c o m p l e t e d r a i n a g e o r 

f l o o d i n g of t h e impoundment w i t h p r o p e r m a n i p u l a t i o n of t h e t r u n k 

f l a p g a t e s . The a b i l i t y t o m a n i p u l a t e w a t e r l e v e l s i s a v e r y 

i m p o r t a n t management t o o l . 

5. How does t h e l o c a t i o n of t h e c o n t r o l s t r u c t u r e a f f e c t 

management p o t e n t i a l ? 

P r o p e r l o c a t i o n of t h e t r u n k i n r e l a t i o n t o a d j a c e n t t i d a l 

w a t e r s i s e x t r e m e l y i m p o r t a n t . K e e p i n g i n mind t h a t w a t e r 

q u a l i t y ( e . g ; f r e s h n e s s o r s a l i n i t y ) i s one c o n s i d e r a t i o n i n 

managing p l a n t c o m m u n i t i e s i n an impoundment, t h e manager s h o u l d 

be aware t h a t v a r y i n g d e g r e e s of f r e s h n e s s or s a l i n i t y may o c c u r 

a t d i f f e r e n t p o i n t s a r o u n d t h e t i d a l p e r i m e t e r s of t h e d i k e . 

T r u n k s s h o u l d be l o c a t e d t o b e s t s e r v e management schemes 

d i c t a t e d by w a t e r q u a l i t y v a r i a n c e s i n a p a r t i c u l a r a r e a . 

When u p g r a d i n g management p l a n s f o r p a r t i c u l a r a r e a s and 

t y p e s o f management, i t i s f e a s i b l e t o c o n s i d e r t h e r e l o c a t i o n o f 

c o n t r o l s t r u c t u r e s on a t i d a l impoundment t o i n c r e a s e management 

p o t e n t i a l . M o ving a t r u n k a few h u n d r e d f e e t a l o n g t h e p e r i m e t e r 

d i k e may i n c r e a s e management p o t e n t i a l t r e m e n d o u s l y . 
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CONCLUSIONS 

A s y s t e m o f sound d i k e s co 

c a s t a s t r o p h i c e v e n t s and w e l l - d 

p r o p e r l y - l o c a t e d w a t e r c o n t r o l 

n e c e s s i t i e s when a d d r e s s i n g t h e 

f a c t o r s a f f e c t i n g management i n 

Sound management s h o u l d be 

r e s p o n s i b i l i t y o f t h e l a n d o w n e r 

management p o t e n t i a l s h o u l d be 

p r a c t i c a l , f e a s i b l e , and a f f o r d 

n s t r u c t e d t o w i t h s t a n d a l l b u t 

e s i g n e d , we 1 1 - c o n s t r u c t e d , and 

s t r u c t u r e s a r e a b s o l u t e 

many p h y s i c a l and c h e m i c a l 

a t i d a l impoundment. 

an o n - g o i n g , f u l l - t i m e 

and l a n d manager. U p g r a d i n g 

a p r i o r i t y c o n s i d e r a t i o n when 

a b l e . 
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Methods t o E n h a n c e T a r g e t S p e c i e s P r o d u c t i o n 
i n F r e s h w a t e r Impoundments 

S o u t h Car o l i 
R o b e r t D. 

na W i l d l i f e and Ma 
G e o r g e t o w n , S. 

P e r r y 
r i n e Re s o u r c e s 
C. 29440 

De pa r t me n t , 

Thousands o f a c r e s o f f r e s h w a t e r w e t l a n d s a l o n g c o a s t a l 

S o u t h C a r o l i n a were i n r i c e c u l t i v a t i o n d u r i n g t h e 1 9 t h c e n t u r y . 

Former r i c e f i e l d s have been a p r i n c i p a l r e a s o n t h a t S o u t h 

C a r o l i n a r a n k s h i g h i n t h e A t l a n t i c F l y w a y i n numbers of 

w i n t e r i n g w a t e r f o w l ( G o r d o n e t a l . , 1 9 8 7 ) . T r a d i t i o n a l l y , l a r g e 

c o n c e n t r a t i o n s of l o c a l and m i g r a t o r y w a t e r f o w l have used c o a s t a l 

w e t l a n d s a n n u a l l y . S h a l l o w w a t e r and a b u n d a n t f o o d s o u r c e s 

p r o v i d e d i n w e l l managed f r e s h w a t e r impoundments have a t t r a c t e d 

and s u p p l i e d t h e w a t e r f o w l r e s o u r c e and have f u r n i s h e d 

s u b s t a n t i a l s p o r t h u n t i n g o p p o r t u n i t i e s f o r many y e a r s . 

Most s u i t a b l e t i d a l f r e s h w a t e r w e t l a n d s i n S o u t h C a r o l i n a 

were d i k e d and u n d e r w a t e r c o n t r o l f o r r i c e p r o d u c t i o n and were 

t h e p r i n c i p a l r i c e p r o d u c t i o n a r e a s o f t h e U n i t e d S t a t e s 

p r e c e d i n g 1900 ( R o g e r s , 1970; K o v a c i k , 1 9 7 9 ) . A number of t h e s e 

a r e a s m a i n t a i n e d some d e g r e e o f f u n c t i o n as r i c e p l a n t a t i o n s 

a f t e r 1900 and were r e c o g n i z e d as i m p o r t a n t w a t e r f o w l w i n t e r i n g 

h a b i t a t d u r i n g t h e e a r l y 2 0 t h c e n t u r y as r i c e c u l t u r e d w i n d l e d . 

P r i v a t e l a n d o w n e r s t h e r e a f t e r u n d e r t o o k e f f o r t s t o r e d e v e l o p and 

manage f o r m e r r i c e f i e l d s as w a t e r f o w l h u n t i n g a r e a s ( C o n r a d , 

1966; M i g l a r e s e and S a n d i f e r , 1982; P r e v o s t , 1 9 8 7 ) . F r e s h w a t e r 

t i d a l w e t l a n d s f o r m e r l y u n d e r r i c e c u l t i v a t i o n were i m p o r t a n t t o 

t h e w a t e r f o w l r e s o u r c e p r i o r t o t h e d e v e l o p m e n t of t e c h n i q u e s f o r 

managing b r a c k i s h o r s a l i n e w i n t e r i n g h a b i t a t s . Managed, 

f r e s h w a t e r t i d a l w e t l a n d impoundments have been p a r t i c u l a r l y 
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i m p o r t a n t w i n t e r i n g h a b i t a t f o r wood duck ( A i x s p o n s a ) , m a l l a r d 

(Anas p l a t y r h y n c h o s ) , n o r t h e r n p i n t a i l (A. ac cu t a) , and g r e e n -

w i n g e d t e a l ( k . c r e c c a ) . 

D i k e d and managed t i d a l f r e s h marsh impoundments have been 

d e s c r i b e d by a number o f i n v e s t i g a t o r s ( C o n r a d , 1966; Morgan e t 

a l . , 1975; M i g l a r e s e and S a n d i f e r , 1 9 8 2 ) . V e g e t a t i o n i n managed 

f r e s h w a t e r impoundments i s d o m i n a t e d by t a r g e t s p e c i e s t h a t a r e 

a d a p t e d t o c o n d i t i o n s s t i m u l a t e d by p r e s c r i b e d w e t l a n d management 

o b j e c t i v e s . H erbaceous p l a n t s o f t h e e a r l y s u c c e s s i o n a l s t a g e 

a r e t a r g e t s p e c i e s f o r w i n t e r i n g w a t e r f o w l h a b i t a t management i n 

f r e s h w a t e r w e t l a n d s . Many o f t h e s e s p e c i e s a r e c o p i o u s seed 

p r o d u c e r s . I n some c a s e s , w a t e r f o w l seek t u b e r s of c e r t a i n 

p l a n t s o v e r seed o r v e g e t a t i v e m a t t e r . These e a r l y s u c c e s s i o n a l 

s t a g e m a c r o p h y t e s p r o d u c e seed o r v e g e t a t i v e p a r t s documented as 

f o o d s o u r c e s f o r many d a b b l i n g d ucks ( C o n r a d , 1966; K e r w i n and 

Webb, 1972; L a n d e r s e t a l . , 1 9 7 6 ) . 

Impoundments i n t h e f r e s h w a t e r t i d a l zone o f f e r p e r h a p s t h e 

g r e a t e s t c a p a b i l i t y f o r enhanced w e t l a n d s management as w a t e r f o w l 

h a b i t a t due t o h i g h p r o d u c t i v i t y and d i v e r s i t y . T y p i c a i l y , 

f r e s h w a t e r impoundments i n c o a s t a l S o u t h C a r o l i n a a r e s m a l l and 

p o t e n t i a l l y e a s i l y managed as compared t o b r a c k i s h s y s t e m s where 

s a l i n i t i e s have t o be c o n s t a n t l y m o n i t o r e d . I n t h e s e w e t l a n d s , 

h o w ever, t h e r e may be t h e l o w e s t o v e r a l l e f f o r t o f management and 

c o r r e s p o n d i n g l y t h e l o w e s t y i e l d i n r e s o u r c e p r o d u c t i v i t y and 

b e n e f i t . F r e s h w a t e r c o a s t a l impoundments a r e s m a l l e r , more 

a f f o r d a b l e , and a n n u a l management c o s t s a r e such t h a t most 

o w n e r s h i p and management i s o f t e n a b s e n t e e i n n a t u r e . Many 
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owners m a i n t a i n p a r t - t i m e e m p l o y e e s p e r f o r m i n g as watchmen w i t h 

l i t t l e a c t i v e i n v o l v e m e n t o r e x p e r t i s e i n w e t l a n d management. 

However, w i t h p e r s i s t e n c e and a t t e n t i o n t o d e t a i l , owners and 

managers can e f f e c t i v e l y enhance b o t h p r o d u c t i o n of d e s i r a b l e 

p l a n t s p e c i e s and a l s o movement o f t r a n s i e n t a q u a t i c o r g a n i s m s i n 

t h e s e a r e a s . 

W e t l a n d s management f o r w i n t e r i n g w a t e r f o w l h a b i t a t i s a 

l a n d use f o r m c o m p a t i b l e w i t h t h e b a s i c f u n c t i o n s o f w e t l a n d s . 

T h i s t y p e l a n d use can be an a l t e r n a t i v e f o r n a t u r a l l y 

f u n c t i o n i n g w e t l a n d s , and i s p r e f e r r e d t o a l t e r a t i o n s f o r many 

o t h e r p u r p o s e s . Impoundment management t e c h n i q u e s can be meshed 

w i t h n a t u r a l w e t l a n d p r o c e s s e s t o i n c l u d e a c o n t r o l l e d f l o w o f 

a q u a t i c o r g a n i s m s and n u t r i e n t s i n t o and o u t of managed 

f r e s h w a t e r w e t l a n d s . 

W e t l a n d s management i n f r e s h w a t e r impoundments as i n o t h e r 

c o a s t a l w e t l a n d h a b i t a t s i s f a c i l i t a t e d by t h e use o f w a t e r 

c o n t r o l s t r u c t u r e s ( t r u n k s ) c o n n e c t i n g impoundments w i t h 

s u r r o u n d i n g t i d a l w a t e r . By p r o p e r l y e m p l o y i n g t r u n k s e t t i n g s , 

managers can u t i l i z e a v a r i e t y or c o m b i n a t i o n o f s e t t i n g s o f 

d o o r s and r i s e r h e i g h t s t o r e g u l a t e o r c i r c u l a t e w a t e r l e v e l s 

w i t h i n f r e s h w a t e r i m p o u n d m e n t s . T h i s can be done t h r o u g h 

i n c r e m e n t a l a d j u s t m e n t s on d o o r s p r o v i d i n g w a t e r exchange as 

d i r e c t e d by management o b j e c t i v e s . A d j u s t m e n t o f d o o r s and r i s e r 

h e i g h t s by k n o w l e d g e a b l e managers i s t h e means t o a c h i e v e d e s i r e d 

s o i l m o i s t u r e l e v e l s i n f r e s h w a t e r impoundments t h a t enhance 

g r o w t h and m a i n t e n a n c e o f t a r g e t p l a n t s p e c i e s . 

-35-



Managers can p r o d u c e d e s i r a b l e q u a n t i t i e s o f c e r t a i n 

sraartweeds ( Polygonum s p p . ) , A s i a t i c d a y f l o w e r ( A ne1ima k e l s a k ) , 

s p i k e r u s lie s ( E l e o c h a r i s s p p . ) , v a r i o u s g r a s s e s (Graramineae) , and 

sedges ( C y p e r a c e a e ) i n t i d a l f r e s h impoundments h a v i n g m o d e r a t e 

t o h i g h m i n e r a l s o i l c o n t e n t and mo d enraTtfe^ a c i d i t y . These s p e c i e s 
y k\ 

a r e a d a p t e d t o m o i s t s o i l management r a n g i n g f r o m a v e r y wet bed 

t o a m o d e r a t e l y d r y bed. R e d r o o t ( L a c n a n t h e s c a r o l i n i a n a ) and 

w a r t y p a n i c g r a s s ( P a n i c u m v e r r u c o s u m ) a r e a d a p t e d t o s o i l s o f 

h i g h o r g a n i c m a t t e r and c o r r e s p o n d i n g l y Low m i n e r a l c o n t e n t and 

h i g h a c i d i t y where s o i l m o i s t u r e l e v e l s a r e h i g h t h r o u g h o u t t h e 

g r o w i n g s e a s o n . A l l o f t h e s e t a r g e t s p e c i e s r e s p o n d w e l l t o and 

t e n d t o be most p r o d u c t i v e a f t e r d i s t u r b a n c e . F i r e i s t h e most 

commonly p r e s c r i b e d t e c h n i q u e f o r d i s t u r b a n c e ( L y n c h , 1941; 

Yancy, 1964; H o f f p a u e r , 1 9 6 7 ) . O t h e r t e c h n i q u e s used f o r 

d i s t u r b a n c e i n c l u d e mowing, g r a z i n g by l i v e s t o c k and m e c h a n i c a l l y 

t u r n i n g s o i l s u s i n g f a r m m a c h i n e r y ( N e e l y , 1 9 6 7 ) . 

P e r m a n e n t l y f l o o d e d f r e s h w a t e r impoundments can p r o d u c e a 

v a r i e t y of e a r l y s u c c e s s i o n a l s t a g e submerged and emergent 

a q u a t i c s w h i c h a r e i m p o r t a n t t o w a t e r f o w l ( K e r w i n and Webb, 1972; 

L a n d e r s e t a l . , 1977; P r e v o s t , 1 9 8 7 ) . Most n o t e w o r t h y among 

t h e s e i n c l u d e S c h r e b e r w a t e r s h i e l d ( B r a se n i a s c h r e b e r i ) , w h i t e 

w a t e r l i l y ( Nymphaea o d o r a t a ) , pond weeds ( P o t a m o g e t o n s p p . ) , and 

common h o r n w o r t (Ce r a t o p h y l l u m demersum) . 

P r e f e r r e d m o i s t - s o i l management t e c h n i q u e s e m p loyed i n 

f r e s h t i d a l impoundments a r e i n i t i a t e d i n l a t e w i n t e r or e a r l y 

s p r i n g when impoundments s h o u l d be t h o r o u g h l y d e w a t e r e d . D r y i n g 

a l l o w s d e s i r a b l e o x i d a t i o n of o r g a n i c m a t t e r and p r e v e n t s 
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V i r g i n i a a r r o w a r u m (Pe11 and ra V i r g i n i a ) and g o l d e n c l u b ( O r o n t i u m 

aq u a t i c urn) f r o m b ecoming r o b u s t enough t o become d o m i n a n t . 

M o i s t u r e l e v e l s s h o u l d be c a r e f u l l y i n c r e a s e d t o t h e p o i n t of 

c r e a t i n g a s o g g y , spongy s u b s t r a t e d u r i n g l a t e A p r i l . I n c r e a s e s 

i n s o i l m o i s t u r e a t t h i s t i m e w i l l s t i m u l a t e d e s i r a b l e p l a n t s on 

a p r e v i o u s l y d i s t u r b e d marsh bed. W h i l e smartweeds and A s i a t i c 

d a y f l o w e r a r e t e n d e r and s m a l l , managers s h o u l d use c a r e t h a t t h e 

marsh n o t become f l o o d e d f o r a p e r i o d s u f f i c i e n t t o s m o t h e r and 

k i l l t h e s e s p r o u t i n g p l a n t s . To c o n t i n u e t h e e n c o u r a g e m e n t of 

d e s i r a b l e p l a n t s , s o i l m o i s t u r e must r e m a i n h i g h t h r o u g h o u t t h e 

g r o w i n g s e a s o n . Grasses and sedges w i l l be e n c o u r a g e d w i t h d r y e r 

s o i l s . C a t t a i l s ( T y p h a s p p . ) and g i a n t s o u t h e r n - w i l d r i c e 

( Z i z a n i o p s i s m i l l a c e a ) can become e s t a b l i s h e d i f s o i l s a r e 

m a i n t a i n e d e x c e s s i v e l y m o i s t f o r s e v e r a l y e a r s . W o o l g r a s s 

b u l r u s h ( S c i r p u s c y p e r i n u s ) i s n o r m a l l y a good i n d i c a t o r of s o i l 

m o i s t u r e l e v e l s t h a t a r e t o o h i g h i n f r e s h w e t l a n d s . Plume g r a s s 

( E r i a n t h u s g i g a n t e u s ) i s n o t e d as an i n d i c a t o r s p e c i e s of 

c o n d i t i o n s t h a t a r e t o o d r y t o p r o d u c e p r e f e r r e d p l a n t s p e c i e s . 

D e s i r e d s o i l m o i s t u r e l e v e l s can be a c h i e v e d by m a i n t a i n i n g 

s t a t i c w a t e r l e v e l s a t or near marsh l e v e l t h r o u g h o u t t h e g r o w i n g 

s e a s o n . S t a t i c w a t e r l e v e l management can d e g r a d e impoundment 

w a t e r q u a l i t y s i n c e w a t e r exchange w i t h i n d i t c h n e t w o r k s i s 

n e g l i g i b l e . R a p i d g r o w t h of e m e rgent p l a n t s i n p e r i m e t e r d i t c h e s 

u s u a l l y f o l l o w s i n management s c h e d u l e s w h i c h a d h e r e t o s t a t i c 

w a t e r l e v e l management i n f r e s h w a t e r w e t l a n d s . S t a t i c w a t e r 

l e v e l s d e t e r t h e a b i l i t y of a q u a t i c o r g a n i s m s t o e n t e r and l e a v e 

f r e s h w a t e r i m p o u n d m e n t s . 
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The a l t e r n a t i v e t o s t a t i c w a t e r l e v e l management i n 

f r e s h w a t e r t i d a l w e t l a n d s managed f o r m o i s t - s o i l p l a n t s r e q u i r e s 

t h e use o f t i d a l e n e r g y t o c i r c u l a t e w a t e r w i t h i n d i t c h n e t w o r k s . 

T h i s t e c h n i q u e o b l i g a t e s s t r a t e g i c p l a c e m e n t o f w a t e r c o n t r o l 

s t r u c t u r e s , and a r i g i d a d h e r e n c e t o s c h e d u l e s of t r u n k m i n d i n g . 

I n t h i s s t r a t e g y , t h e o u t s i d e o r t i d a l d o o r s of t r u n k s a r e k e p t 

p a r t i a l l y open d u r i n g t h e g r o w i n g s e a s o n t o a l l o w f o r i n f l o w on 

h i g h t i d e . Water c i r c u l a t e s w i t h i n impoundment d i t c h e s c a u s i n g 

r e d u c e d i n t e r n a l t i d e s and i s f l u s h e d o u t p a r t i a l l y opened d o o r s 

or o v e r f l a s h b o a r d r i s e r s on l o w t i d e s . T r u n k a d j u s t m e n t s a r e 

o f t e n r e q u i r e d s e v e r a l t i m e s each week t o compensate f o r w a t e r 

l e v e l s o u t s i d e t h e d e s i r a b l e r a n g e . P r o p e r l y done, t h i s 

t e c h n i q u e can r e s u l t i n d e s i r e d m o i s t s o i l s . Water q u a l i t y i s 

g r e a t l y enhanced w i t h t h i s p r a c t i c e as i t a l l o w s f o r a t w i c e 

d a i l y p a r t i a l exchange of w a t e r i n t o and o u t o f i m p o u n d m e n t s . 

D u r i n g p e r i o d s of v i g o r o u s c i r c u l a t i o n , managers can e f f e c t i v e l y 

d i s c h a r g e f l o a t i n g mats o f u n d e s i r a b l e v e g e t a t i o n t h a t o t h e r w i s e 

choke d i t c h e s and p r e c l u d e d r a i n a g e and a c c e s s . A q u a t i c a n i m a l s 

a r e p r o v i d e d w i t h enhanced o p p o r t u n i t i e s t o more f r e e l y move i n t o 

and o u t o f managed w e t l a n d s where management s t r a t e g i e s employ 

some t y p e of w a t e r c i r c u l a t i o n . T h i s t y p e management a l s o 

c o i n c i d e s w i t h p e r i o d s o f g r o w t h and r e p r o d u c t i o n of a l m o s t a l l 

a q u a t i c o r g a n i s m s t h e r e b y p r o v i d i n g a v a i l a b l e h a b i t a t d u r i n g 

p e r i o d s of i n c r e a s e d e n e r g y and p r o t e i n r e q u i r e m e n t s . 

I n September, managers s h o u l d d r a i n f r e s h w a t e r 

i m p o u n d m e n t s . P l a n t m a t u r i t y and seed p r o d u c t i o n i s h a s t e n e d by 

d r y i n g . D r y i n g a l s o p r e p a r e s t h e marsh f o r b u r n i n g i n November. 
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B u r n i n g s h o u l d be p r e s c r i b e d a f t e r f i r s t f r o s t s . C o o l d r y 

w e a t h e r and d r y marsh c o n d i t i o n s may p e r m i t b u r n i n g p r i o r t o 

f r o s t . P a t c h y b u r n s t h a t p r o d u c e i r r e g u l a r l y s i z e d and shaped 

o p e n i n g s a r e i d e a l and when f l o o d e d p r o v i d e a m i x t u r e o f open 

w a t e r and c o v e r . C o m p l e t e b u r n s t h a t remove a l m o s t a l l 

v e g e t a t i o n w i l l r e s u l t i n t o o much open w a t e r when f l o o d e d and 

r e s o u r c e u t i l i z a t i o n may be l e s s t h a n e x p e c t e d . 

B u r n i n g s h o u l d n o t be a t t e m p t e d i n f r e s h w a t e r w e t l a n d s w i t h 

h i g h l y o r g a n i c s o i l c o n t e n t due t o r i s k o f p h y s i c a l l y s e t t i n g t h e 

p e a t s u b s t r a t e on f i r e w h i c h can s e r i o u s l y damage w e t l a n d s . Peat 

f i r e s can remove enough s o i l m a t e r i a l t o cause s u f f i c i e n t 

s u b s i d e n c e i n marsh e l e v a t i o n w h i c h can l a t e r r e d u c e management 

p o t e n t i a l on t h e s i t e . 

B u r n i n g f r e s h w a t e r impoundments can p r o v i d e a d v a n t a g e s i n 

f u t u r e w e t l a n d management and r e s o u r c e u t i l i z a t i o n . F i r e r e t a r d s 

p l a n t s u c c e s s i o n and m a i n t a i n s t h e d e s i r e d s u c c e s s i o n a l s t a g e f o r 

s u c c e s s i v e g r o w i n g s e a s o n s . Burned marshes have open w a t e r a r e a s 

a f t e r f l o o d i n g . F i r e consumes v e g e t a t i v e p o r t i o n s o f p l a n t s and 

d e p o s i t s seed m a t e r i a l t o t h e marsh f l o o r f o r w a t e r f o w l 

u t i l i z a t i o n . C r i p p l i n g l o s e s d u r i n g h a r v e s t p e r i o d s may be 

r e d u c e d due t o more r e l a t i v e r e t r i e v a l e a s e . F a l l b u r n i n g i s 

c o m p a t i b l e w i t h m o i s t s o i l management f o r t h e t a r g e t p l a n t 

s p e c i e s . 

A f t e r b u r n i n g , f r e s h w a t e r impoundments s h o u l d be f l o o d e d t o 

an a v e r a g e d e p t h o f 22 cm. T h i s d e p t h p r o d u c e s w a t e r l e v e l 

r a n g e s f r o m 15 t o 30 cm and w i l l p r o v i d e a v a i l a b l e h a b i t a t f o r a 

v a r i e t y o f w a t e r f o w l s p e c i e s . E v e r y e f f o r t s h o u l d be expended t o 
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m a i n t a i n t h i s d e p t h t o p r o v i d e f o r optimum u t i l i z a t i o n 

s t r a t e g i e s . F l u c t u a t i o n s f r o m i d e a l u t i l i z a t i o n d e p t h s can cause 

d u c k s t o l e a v e an impoundment w i t h a b u n d a n t f o o d s u p p l i e s . 

M a i n t e n a n c e o f p r o p e r w a t e r d e p t h s t o e n s u r e w a t e r f o w l 

u t i l i z a t i o n i n w i n t e r i s one of t h e most o f t e n n e g l e c t e d d u t i e s 

of t h e w a t e r f o w l h a b i t a t manager. 

F r e d r i c k s o n and T a y l o r ( 1 9 8 2 ) o u t l i n e d many r e a s o n s f o r 

managing w e t l a n d s f o r n a t u r a l l y o c c u r r i n g f o o d s o u r c e s as opposed 

t o p r o d u c t i o n of row c r o p s . T h e i r c o m p a r a t i v e c o n c l u s i o n s s h o u l d 

be t a k e n i n t o a c c o u n t when c o n s i d e r i n g s t r i c t l y a g r i c u l t u r a l 

o p e r a t i o n s i n f r e s h w a t e r w e t l a n d s . I n f r e s h w a t e r i m p o u n d m e n t s , 

management f o r c e r e a l g r a i n s i s n o t o n l y p o s s i b l e b u t a l s o 

p r a c t i c e d by many l a n d o w n e r s . V a r i o u s e c o l o g i c a l and p h y s i c a l 

p r o b l e m s may r e s u l t f r o m p l a n t i n g w e t l a n d s and a f f e c t t h e h e a l t h 

and m a n a g a b i l i t y o f t h e h a b i t a t . W a t e r f o w l r e s o u r c e w e l f a r e i s 

not enhanced w i t h s u c h s t r a t e g i e s s i n c e c e r e a l g r a i n s f a i l t o 

p r o v i d e e s s e n t i a l p h y s i o l o g i c a l r e q u i r e m e n t s . The m o n e t a r y 

c o s t s o f i m p l e m e n t i n g a g r i c u l t u r a l a c t i v i t i e s i n w e t l a n d s i s 

h i g h . T a l l d i k e s , deep d i t c h e s , pumps, a d d i t i o n a l c o n v e n t i o n a l 

w a t e r c o n t r o l s t r u c t u r e s , and t h e use o f c h e m i c a l p e s t a g e n t s 

have t o be c o n s i d e r e d . The b a s i c r e q u i r e m e n t of m a i n t a i n i n g d r y 

s i t e s f o r a g r i c u l t u r a l a p p l i c a t i o n s p r e c l u d e s m a n i p u l a t i o n o f 

t r u n k s t o enhance movement of a q u a t i c o r g a n i s m s . I n f a c t , a 

b r o a d and d e s i r a b l e a s s e m b l a g e of i n v e r t e b r a t e s , a m p h i b i a n s and 

r e p t i l e s g e n e r a l l y a r e e x c l u d e d f r o m movement i n t o such s i t e s . 

The c o s t s of managing f o r n a t u r a l l y o c c u r r i n g f o o d s o u r c e s 

a r e i n s i g n i f i c a n t as compared t o row c r o p p r o d u c t i o n i n w e t l a n d s . 
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The b e n e f i t s o f managing f o r t a r g e t v e g e t a t i o n w i t h a s t r a t e g y 

t h a t p o t e n t i a l l y m a x i m i z e s movement and t h u s u t i l i t y o f p r e s e n t 

a q u a t i c and t e r e s t r i a l s p e c i e s a r e o b v i o u s and w e l l known t o 

w i l d l i f e p r o f e s s i o n a l s . 

F r e s h w a t e r t i d a l impoundments a r e an i m p o r t a n t component of 

th e S o uth C a r o l i n a c o a s t a l z o n e , and have p l a y e d a key r o l e i n 

w a t e r f o w l h a b i t a t management f o r n e a r l y 200 y e a r s . As t h e 

complex r e l a t i o n s h i p s i n v o l v i n g impoundment u t i l i z a t i o n and 

management a r e b e t t e r u n d e r s t o o d , i m p r o v e d t e c h n i q u e s f o r 

s t e w a r d s h i p of t h e s e h a b i t a t s can be employed by managers. 

P r o c e d u r e s t h a t enhance c i r c u l a t i o n i n f r e s h w a t e r impoundments 

w i t h o u t c o m p r o m i s i n g p r o d u c t i o n o f d e s i r a b l e m a c r o p h y t e s enhance 

t h e a b i l i t y of a q u a t i c o r g a n i s m s t o more f r e e l y move f r o m 

impoundments t o s u r r o u n d i n g t i d a l w a t e r s . 
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Management To E n h a n c e T a r g e t S p e c i e s P r o d u c t i o n 
i n B r a c k i s h a n d S a l i n e Impoundments 

M i c h a e l B. P r e v o s t 
S o u t h C a r o l i n a W i l d l i f e and M a r i n e R e s o u r c e s D e p a r t m e n t 

M c C l e l l a n v l l L e , SC. 29458 

Managed b r a c k i s h marshes p r o v i d e v e g e t a t i o n s t r u c t u r e and 

f o o d r e s o u r c e s v a l u a b l e t o m i g r a t o r y w a t e r f o w l and o t h e r w e t l a n d 

w i l d l i f e s p e c i e s . These w e t l a n d s p r o v i d e c o v e r and r e s t i n g 

s i t e s ; h owever, f o o d p r o d u c t i o n i s i m p o r t a n t t o t h e i r v a l u e as 

w a t e r f o w l h a b i t a t ( G o r d o n e t a l . , 1987; Gray e t a l . , 1 9 8 7 ) . 

Seeds, v e g e t a t i v e p o r t i o n s , and t u b e r s o f n a t u r a l l y o c c u r r i n g 

p l a n t s s u p p l y d i v e r s e n u t r i t i o n a l r e s o u r c e s u t i l i z e d by w a t e r f o w l 

t o meet t h e i r p h y s i o l o g i c a l r e q u i r e m e n t s d u r i n g m i g r a t i o n and 

w i n t e r i n g p e r i o d s ( F r e d r i c k s o n and T a y l o r , 1 9 8 2 ) . 

H i s t o r i c a l l y , t h e most s u c c e s s f u l w a t e r management s c h e d u l e 

f o r f o o d p r o d u c t i o n i n b r a c k i s h marshes i n S o u t h C a r o l i n a has 

i n v o l v e d a c o m p l e t e drawdown i n e a r l y s p r i n g ( M a r c h ) f o r 4 t o 6 

weeks. T h i s i s t y p i c a l l y f o l l o w e d by a s h a l l o w r e f l o o d i n g i n 

e a r l y t o m i d - A p r i l and a g r a d u a l e l e v a t i o n of w a t e r l e v e l s 

t h r o u g h o u t t h e r e m a i n d e r of t h e s p r i n g and summer u n t i l maximum 

d e p t h s a r e a c h i e v e d i n mid t o l a t e A u g u s t . 

S p e c i f i c a s s e m b l a g e s o f p l a n t f o o d s e n c o u r a g e d by t h i s 

management r e g i m e i n c l u d e s a l t m a r s h b u l r u s h ( S c i r p u s r o b u s t u s ) , 

d w a r f s p i k e r u s h ( E l e o c h a r i s p a r v u l a ) , and w i d g e o n g r a s s (Ru pp i a 

m a r i t i m a ) . S a l t m a r s h b u l r u s h , a p e r e n n i a l , r e p r o d u c e s p r i m a r i l y 

f r o m r h i z o m e s and s p r o u t s on a r e a s of h i g h e r e l e v a t i o n soon a f t e r 

t h e s p r i n g drawdown. I t p r o d u c e s an abundance o f l a r g e seed t h a t 

a r e u t i l i z e d e x t e n s i v e l y by numerous s p e c i e s o f d u c k s , 
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p a r t i c u l a r l y m a l l a r d s (Anas p1 a t y r h y n c h o s ) and n o r t h e r n p i n t a i l s 

(A. a c u t a ) . Maximum seed p r o d u c t i o n o c c u r s i n a r e a s w i t h w a t e r 

s a l i n i t i e s of 3 t o 7 p p t . Dwarf s p i k e r u s h grows b e s t on s i t e s 

w i t h w a t e r s a l i n i t i e s o f 5 t o 2 0 p p t and t h e g r o u p s of i n d i v i d u a l 

p l a n t s f o r m a t u r f - l i k e mat o f v e g e t a t i o n on mud f l a t a r e a s . 

Green- and b l u e - w i n g e d t e a l s ( A. c r e c c a and A. d i s c o r s ) f e e d on 

t h e d i m i n u t i v e s p i k e r u s h s e e d s , n o r t h e r n p i n t a i l s g r u b f o r t h e 

t u b e r s , and A m e r i c a n w i g e o n s (A. a m e r i c a n a ) , g a d w a l l s (A. 

s t r e p e r a ) and c o o t s ( F o l l c a ame r i c ana) f e e d e x t e n s i v e l y on t h e 

s t e m s . Upon r e f l o o d i n g , w i d g e o n g r a s s g e r m i n a t e s and d e v e l o p s 

i n t o l a r g e s t a n d s o f submersed v e g e t a t i o n i n open w a t e r a r e a s . 

The most s u c c e s s f u l management of w i d g e o n g r a s s g e n e r a l l y o c c u r s 

w i t h i n a s a l i n i t y range o f 10-20 p p t . The v e g e t a t i v e p o r t i o n s of 

w i d g e o n g r a s s a r e i m p o r t a n t t o n o r t h e r n p i n t a i l s , A m e r i c a n 

w i g e o n s , g a d w a l l s , and c o o t s . W i d g e o n g r a s s seeds a r e consumed 

r e a d i l y by n o r t h e r n p i n t a i l s and t e a l s ( N e e l y , 1962; K e r w l n and 

Webb, 1972; L a n d e r s e t a l . , 1976; P r e v o s t e t a l . , 1 9 7 8 ) . 

A l t h o u g h t h i s s y s t e m of management g e n e r a l l y has p r o d u c e d 

q u a l i t y h a b i t a t c o n d i t i o n s f o r m i g r a t o r y w a t e r f o w l , s e v e r a l 

l i m i t a t i o n s a s s o c i a t e d w i t h s p e c i f i c a s p e c t s of w a t e r f o w l 

h a b i t a t , m u l t i - s p e c i e s u s e , and g e n e r a l w e t l a n d s management 

c o n s i s t e n t l y have been n o t e d . S t a n d i tig c r o p s o f w i d g e o n g r a s s 

biomass f r e q u e n t l y have d e c l i n e d s i g n i f i c a n t l y i n l a t e summer and 

c o n s e q u e n t l y a r e l a r g e l y u n a v a i l a b l e t o m i g r a t o r y w a t e r f o w l . 

These d e c l i n e s have been d i r e c t l y a s s o c i a t e d w i t h i n f e s t a t i o n s of 

f i l a m e n t o u s a l g a e ( C l a d o p h o r a spp.) when w i d g e o n g r a s s p l a n t s f o r m 

mats on t h e w a t e r s s u r f a c e ( P r e v o s t e t a l . , 1978) and d i e - o f f s of 
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w i d g e o n g r a s s a t t r i b u t e d t o s t r e s s f u l g r o w t h c o n d i t i o n s i n l a t e 

summer ( P e r c i v a l e t a l . , 1970; S w i d e r e k , 1 9 8 2 ) . A d d i t i o n a l 

c o n c e r n s have been e x p r e s s e d r e l a t e d t o p o t e n t i a l f o r p r o d u c t i o n 

of s a l t marsh m o s q u i t o e s (Aedes s o l l i c i t a n s and Aedes 

t a e n l o r h y n c h u s ) t h a t d e p o s i t t h e i r eggs on m o i s t s o i l . E x t e n d e d 

c o m p l e t e drawdowns g e n e r a l l y r e s u l t i n s u b s t r a t e c h a r a c t e r i s t i c s 

( m o i s t u r e and pH) w h i c h a r e c o n d u c i v e t o l a r g e s c a l e egg 

d e p o s i t i o n . S i g n i f i c a n t s a l t marsh m o s q u i t o p r o d u c t i o n may o c c u r 

i n 5 t o 7 days when managed marshes a r e I n u n d a t e d by I n t e n t i o n a l 

t i d a l f l o o d i n g o r r a i n f a l l ( V o r g e t t s and E z e l l , 1978; T i d w e l l , 

1 9 8 4 ) . A t h i r d a r e a o f c o n c e r n c e n t e r s on m a r i n e o r g a n i s m 

m i g r a t i o n and i m p a c t s o f w a t e r q u a l i t y on e s t u a r i n e i n v e r t e b r a t e s 

and f i s h e s . M a n i p u l a t i o n o f t r u n k d o o r s and s p i l l w a y s , t o 

a c c o m p l i s h t r a d i t i o n a l management s t r a t e g i e s , have been c i t e d as 

c r e a t i n g p h y s i c a l b a r r i e r s l i m i t i n g r e c r u i t m e n t and e m i g r a t i o n of 

t r a n s i e n t e s t u a r i n e s p e c i e s . I n t r a d i t i o n a l management r e g i m e s , 

a d e c l i n e i n w a t e r q u a l i t y ( l o w d i s s o l v e d o x y g e n and h i g h 

t e m p e r a t u r e s ) a l s o may be e x p e r i e n c e d i n l a t e summer when w a t e r 

c i r c u l a t i o n t y p i c a l l y i s m i n i m a l (DeVoe e t a l . , 1 9 8 6 ) . 

I n r e c e n t y e a r s , management s c h e d u l e s , on v a r i o u s 

p r o p e r t i e s , have been m o d i f i e d t o d e l a y t h e s p r i n g drawdown and 

r e f l o o d i n g p r o c e s s e s so as t o r e s u l t I n maximum w i d g e o n g r a s s 

s t a n d i n g c r o p s o c c u r r i n g d u r i n g f a l l p e r i o d s , t h e r e b y p r o v i d i n g 

maximum b e n e f i t s t o m i g r a t o r y w a t e r f o w l . T r a d i t i o n a l management 

p r o c e d u r e s have been f u r t h e r m o d i f i e d by p r a c t i c i n g a p a r t i a l 

drawdown, a s o p p o s e d t o a c o m p l e t e d e w a t e r i n g , i n e a r l y s p r i n g 

and m a i n t a i n i n g a p a r t i a l drawdown c o n d i t i o n u n t i l e a r l y t o m i d -
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summer. D u r i n g t h i s p e r i o d , t r u n k g a t e s and s p i l l w a y s a r e 

a d j u s t e d t o c o n t i n u o u s l y c i r c u l a t e w a t e r , m a i n t a i n i n g t h e marshes 

i n v e r y s h a 1 1 o w l y - f 1 o o d e d a n d / o r s a t u r a t e d s o i l c o n d i t i o n . 

F o l l o w i n g t h e p a r t i a l drawdown phase, i n d i v i d u a l management u n i t s 

may be drawn down c o m p l e t e l y f o r a b r i e f p e r i o d t o s t a b i l i z e 

s o i l s f o r optimum w i d g e o n g r a s s p r o d u c t i o n once t h e marsh i s 

r e f l o o d e d . Upon r e f l o o d i n g , w a t e r l e v e l s a r e g r a d u a l l y r a i s e d 

and v i g o r o u s w a t e r c i r c u l a t i o n i s m a i n t a i n e d t h r o u g h summer and 

e a r l y t o m i d - f a l l . D u r i n g t h e p e r i o d o f l a t e f a l l and w i n t e r , 

w a t e r l e v e l s a r e g r a d u a l l y l o w e r e d t o e n h a n c e / m a i n t a i n w a t e r f o w l 

f o o d a v a i l a b i l i t y . 

M o d i f i c a t i o n s o f t r a d i t i o n a l management s c h e d u l e s s e r v e t o 

i m p r o v e h a b i t a t c o n d i t i o n s f o r w a t e r f o w l and enhance p o t e n t i a l 

f o r m o s q u i t o c o n t r o l and non-game w e t l a n d w i l d l i f e and e s t u a r i n e 

f i s h e r i e s management. D e l a y i n g r e f l o o d i n g f o r w i d g e o n g r a s s 

p r o d u c t i o n r e s u l t s i n maximum s t a n d i n g c r o p s b e i n g a v a i l a b l e f o r 

use by m i g r a t i n g and w i n t e r i n g w a t e r f o w l . The m a i n t e n a n c e o f 

s a t u r a t e d s o i l c o n d i t i o n s enhances t h e g r o w t h o f o t h e r w a t e r f o w l 

f o o d p l a n t s i n c l u d i n g s a l t m a r s h b u l r u s h and d w a r f s p i k e r u s h . 

S a t u r a t e d t o s h a l l o w l y f l o o d e d c o n d i t i o n s m i n i m i z e p r o d u c t i o n of 

s a l t marsh m o s q u i t o e s by m a i n t a i n i n g h i g h s o i l m o i s t u r e c o n t e n t 

and p r e v e n t i n g f i s s u r i n g o f marsh s o i l s ( F l e e t w o o d e t a l . , 1978; 

V o r g e t t s and E z e l l , 1 9 7 8 ) . S a t u r a t e d s u b s t r a t e s a l s o s e r v e t o 

m a i n t a i n h i g h e r s o i l pH v a l u e s w h i c h enhance p l a n t v i g o r and 

g r o w t h b u t d i s c o u r a g e s e g g l a y i n g by s a l t m a r s h m o s q u i t o e s . T h e 

a b b r e v i a t e d p e r i o d of c o m p l e t e drawdown a l s o m i n i m i z e s m o s q u i t o 

b r e e d i n g p o t e n t i a l . The p a r t i a l drawdown p e r i o d c o i n c i d e s w i t h 
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a n n u a l s p r i n g s h o r e b i r d m i g r a t i o n s and t h e r e f o r e p r o v i d e s 

f o r a g i n g h a b i t a t s f o r numerous s h o r e b i r d s p e c i e s as w e l l as o t h e r 

w a t e r b i r d g r o u p s . B e n t h i c i n v e r t e b r a t e s a r e made a v a i l a b l e f o r 

s h o r e b i r d use on e x p o s e d and s h a l l o w l y f l o o d e d mud f l a t a r e a s 

(Wenner, 1 9 8 6 ) ; w h e r e a s , w a d i n g b i r d s and a e r i a l and s u r f a c e 

d i v e r s f e e d on f i s h i n d e e p e r w a t e r h a b i t a t s a s s o c i a t e d p r i m a r i l y 

w i t h I n t e r i o r and p e r i m e t e r c a n a l s ( E p s t e i n and J o y n e r , 1 9 8 6 ) . 

Water c i r c u l a t i o n t h r o u g h o u t most o f t h e s p r i n g , summer, and 

e a r l y f a l l a l l o w s f o r w a t e r exchange o v e r p r o l o n g e d p e r i o d s and 

t h e r e f o r e enhances r e c r u i t m e n t and e m i g r a t i o n o f t r a n s i e n t 

e s t u a r i n e s p e c i e s . More c o n t i n u o u s c i r c u l a t i o n f u r t h e r b e n e f i t s 

f i s h e r y r e s o u r c e s by m a i n t a i n i n g h i g h e r c o n c e n t r a t i o n s o f 

d i s s o l v e d o x y g e n and m i n i m i z i n g w a t e r t e m p e r a t u r e s d u r i n g 

p o t e n t i a l l y s t r e s s f u l summer p e r i o d s . 

M a i n t e n a n c e of t h e w a t e r q u a l i t y t h r o u g h d e l a y e d f l o o d i n g 

and e x t e n d e d p e r i o d s of w a t e r c i r c u l a t i o n enhances management 

p o t e n t i a l f o r n o t o n l y w a t e r f o w l f o o d p r o d u c t i o n b u t a l s o f o r 

c e r t a i n i m p o r t a n t r e c r e a t i o n a l and c o m m e r c i a l f i s h e r y s p e c i e s . 

D e l a y e d s p r i n g f l o o d i n g a l L o w s f o r t h e r e c r u i t m e n t and e x t e n s i v e 

c u l t u r e of w h i t e s h r i m p (Penaeus s e t l f e r u s ) i n c o n j u n c t i o n w i t h 

w i d g e o n g r a s s management. B l u e c r a b s ( C a l l i n e c t e s s a p i d u s ) a l s o 

a r e r e c r u i t e d d u r i n g r e f l o o d i n g and c i r c u l a t i o n p r o c e s s e s , and 

h i g h p o p u l a t i o n s a r e commonly a s s o c i a t e d w i t h w e l l managed 

b r a c k i s h w a t e r f o w l m a r s h e s . 

A d d i t i o n a l management i n n o v a t i o n s t o enhance w a t e r f o w l 

h a b i t a t , p a r t i c u l a r l y i n s a l i n e m a r s h e s , i n v o l v e p r o d u c t i o n o f 

sea p u r s l a n e ( S e s u v i u m m a r i t l m u m ) . Sea p u r s l a n e i s a low g r o w i n g 
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m o i s t s o i l a n n u a l t h a t p r o d u c e s an abundance of v e r y s m a l l seeds 

t h a t a r e u t i l i z e d e x t e n s i v e l y by g r e e n - and b l u e - w i n g e d t e a l s and 

n o r t h e r n p i n t a i l s ( S w i d e r e k , 1 9 8 2 ) . Optimum e s t a b l i s h m e n t and 

g r o w t h o c c u r on s o i l s o f h i g h o r g a n i c c o n t e n t . Sea p u r s l a n e i s 

u n i q u e i n t h a t i t i s t h e o n l y s e e d - p r o d u c i n g w a t e r f o w l f o o d p l a n t 

t h a t can be e n c o u r a g e d by drawdown i n marshes o f h i g h s o i l 

s a l i n i t y . The t y p i c a l management s c h e d u l e i n v o l v e s an e a r l y t o 

m i d - s p r i n g drawdown f o r g e r m i n a t i o n and e a r l y f a l l f l o o d i n g t o 

make seeds a v a i l a b l e t o w a t e r f o w l . A f t e r s e v e r a l seasons o f 

drawdown f o r sea p u r s l a n e management, i t o f t e n i s d e s i r a b l e t o 

m a i n t a i n t h e a r e a i n a f l o o d e d c o n d i t i o n t o c o n t r o l c o m p e t i n g 

v e g e t a t i o n , p r i m a r i l y s e a s i d e s a l t g r a s s ( D i s t l c h l i s s p i c a t a ) , and 

t o s i m u l t a n e o u s l y p r o m o t e t h e g r o w t h o f w i d g e o n g r a s s . An 

a d d i t i o n a l o p t i o n i n v o l v e s e a r l y s p r i n g ( A p r i l ) drawdown, f o r 

p u r s l a n e g r o w t h , f o l l o w e d by l a t e summer ( A u g u s t ) o r e a r l y f a l l 

( S e p t e m b e r ) f l o o d i n g f o r w i d g e o n g r a s s p r o d u c t i o n . These 

t e c h n i q u e s i n v o l v i n g r o t a t i o n a l and rault i - s p e c i e s management have 

p r o v e n s u c c e s s f u l i n m a i n t a i n i n g p r o d u c t i v i t y and d i v e r s i t y i n 

o f t e n d i f f t c u l t - t o - m a n a g e h i g h s a l i n i t y m a r s h e s . 

T h r o u g h c o o r d i n a t e d management e f f o r t s i t i s p o s s i b l e t o 

c o n t r o l s p e c i e s o f c o m p e t i n g v e g e t a t i o n and e n c o u r a g e w a t e r f o w l 

f o o d p r o d u c t i o n i n t h e same marsh d u r i n g a s i n g l e g r o w i n g s e a s o n . 

For e x a m p l e , t h e c u t t i n g of common r e e d ( P h r a g m i t e s communis) a t 

or near marsh l e v e l f o l l o w e d by f l o o d i n g t o d e p t h s o f 18 t o 24 

i n c h e s f o r one g r o w i n g season has p r o v e n t o e f f e c t i v e l y c o n t r o l 

t h i s h i g h l y d e s i r a b l e and c o m p e t e t i v e s p e c i e s . F l o o d i n g , f o r 

common r e e d c o n t r o l , i s c o o r d i n a t e d w i t h t h e r o u t i n e r e f l o o d i n g 
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p r o c e s s i n e a r l y t o mid-summer and, t h e r e f o r e , i s c o m p a t i b l e 

w i t h w a t e r f o w l f o o d p l a n t p r o d u c t i o n . Once t h e a r e a i s f l o o d e d , 

l i m i t e d c u t t i n g o r r e m o v a l o f s p r o u t e d p l a n t s may be n e c e s s a r y t o 

a c h i e v e c o m p l e t e c o n t r o l . T h i s t e c h n i q u e i s most a p p l i c a b l e i n 

s i t u a t i o n s of l i m i t e d common r e e d i n f e s t a t i o n s where h e r b i c i d a l 

a p p l i c a t i o n i s j u d g e d t o be u n d e s i r a b l e . 

A l t h o u g h t r a d i t i o n a l b r a c k i s h and s a l i n e marsh management 

s c h e d u l e s have been m o d i f i e d t o more e f f e c t i v e l y meet d i v e r s e 

i n t e r e s t i n c o a s t a l w e t l a n d r e s o u r c e s , c e r t a i n l i m i t a t i o n s 

c o n t i n u e t o e x i s t . As managed w e t l a n d s a r e dynamic h a b i t a t s t h a t 

a r e c h a r a c t e r i z e d by a n n u a l v a r i a t i o n s i n h a b i t a t c o n d i t i o n s 

a s s o c i a t e d w i t h w e a t h e r f a c t o r s , p l a n t s u c c e s s i o n , and p a s t 

management p r a c t i c e s , w e t l a n d managers must m a i n t a i n a c e r t a i n 

d e g r e e o f f l e x i b i l i t y i n t h e i r a n n u a l h a b i t a t management 

p r o c e d u r e s so as t o e f f e c t i v e l y a c h i e v e d e s i r e d r e s u l t s . Q u a l i t y 

management i s d e p e n d e n t upon a d e q u a t e numbers o f p r o p e r l y 

d e s i g n e d t r u n k s and a s y s t e m o f c a n a l s and embankments 

commensurate w i t h t h e s i z e and t o p o g r a p h y of i n d i v i d u a l 

management u n i t s . F i n a l l y , t h e s u c c e s s f u l a c h i e v e m e n t of 

m u l t i s p e c i e s management o b j e c t i v e s r e q u i r e s t i m e l y w a t e r 

m a n i p u l a t i o n s by a l e r t , w e l l - i n f o r m e d managers. 
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M u l t i - S p e c i e s U t i l i z a t i o n Of W a t e r f o w l Impoundments 

R o b e r t L. J o y n e r 
Tom Yawkey W i l d l i f e C e n t e r 

S.C. W i l d l i f e and M a r i n e R e s o u r c e s D e p a r t m e n t 

G e o r g e t o w n , SC 

As p a r t of t h e S.C. Sea G r a n t C o n s o r t i u m Study c o n d u c t e d on 

t h e Tom Yawkey W i l d l i f e C e n t e r ' s e x p e r i m e n t a l managed marshes 

o u t l i n e d e a r l i e r t h i s a f t e r n o o n by Doug Baughman, we c o n d u c t e d an 

i n v e s t i g a t i o n on w a t e r r e l a t e d b i r d u t i l i z a t i o n o f managed 

marshes ( r e d i k e d r i c e f i e l d s ) and a d j a c e n t o l d r i c e f i e l d s t h a t 

have n o t been r e d i k e d and have no w a t e r c o n t r o l s t r u c t u r e s . The 

s t u d y a r e a i s l o c a t e d near t h e j u n c t i o n of t h e A t l a n t i c I n t r a -

c o a s t a l Waterway and t h e N o r t h Santee Bay. The s a l i n i t y r a nge a t 

t h e t i m e of t h e s t u d y was n o r m a l l y 0 p p t i n t h e s p r i n g t o 32 p p t 

d u r i n g l a t e summer and f a l l , a v e r a g i n g a b o u t 20 p p t d u r i n g t h e 

g r o w i n g s e a s o n f o r w i d g e o n g r a s s , Ruppia ma r i t i ma. The n o r m a l 

management s t r a t e g y of t h e a r e a had t o be m o d i f i e d t o p e r m i t 

o t h e r i n v e s t i g a t o r s t o c o n d u c t t h e i r s a m p l i n g p r o c e d u r e s on 

i n d i v i d u a l u n i t s . For i n s t a n c e , d u r i n g p e r i o d s o f d r o u g h t and 

l a t e s e a s o n h i g h s a l i n i t i e s , f r e s h w a t e r s o u r c e s a t t h e upp e r end 

o f t h e pond s e r i e s c o u l d be r e l e a s e d t h r o u g h t h e s y s t e m of i n t e r 

c o n n e c t i n g s p i l l w a y s t o f r e s h e n a n d / o r i m p r o v e w a t e r c i r c u l a t i o n . 

However, such t e c h n i q u e s were n o t used d u r i n g t h e CWIP. 

Management o b j e c t i v e s d u r i n g t h e s t u d y were t o p r o m o t e 

p r o d u c t i o n of w a t e r f o w l f o o d p l a n t s such as w i d g e o n g r a s s , d w a r f 

s p i k e r u s h , E l e o c h a r i s p a r v u l a , and s a l t m a r s h b u l r u s h , S c 1 r p u s 

r o b u s t u s , u t i l i z i n g t r a d i t i o n a l b r a c k i s h w a t e r management 

p r o c e d u r e s a n d, s e c o n d a r i l y , d i s c o u r a g i n g c o m p e t i t i v e e m e r g e n t s 

l i k e S p a r t i n a sp. and a l g a e ( e . g . , C l a d o p h o r a s p . ) . 
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D r a i n i n g of t h e r e m a i n i n g few i n c h e s o f w a t e r f r o m t h e 

managed marsh beds, a f t e r s l o w l y d e c r e a s i n g l e v e l s b e g i n n i n g i n 

O c t o b e r o f t h e p r e c e e d i n g y e a r , was a c c o m p l i s h e d i n March. From 

l a t e March u n t i l May t h e managed marsh beds were k e p t s a t u r a t e d 

w i t h w a t e r l e v e l s i n t h e p e r i m e t e r d i t c h e s a t bed l e v e l . I n l a t e 

A p r i l , i n o r d e r t o i n h i b i t m o s q u i t o p r o d u c t i o n , t h e beds were 

f l u s h e d by an a d d i t i o n o f w a t e r o v e r t h e bed i n o r d e r t o h a t c h 

any d e p o s i t e d eggs t o l a r v a e , f o l l o w e d 3 o r 4 days l a t e r by 

d r a i n i n g o r f l u s h i n g o f t h e l a r v a e and q u i c k l y r e f l o o d i n g b e f o r e 

eggs were, a g a i n d e p o s i t e d on t h e marsh b e d s . 

G r a d u a l w a t e r a d d i t i o n and somewhat l i m i t e d c i r c u l a t i o n were 

a c c o m p l i s h e d d u r i n g t h e summer by k e e p i n g t h e o u t s i d e t r u n k d o o r s 

c o m p l e t e l y open and by a d d i n g b o a r d s t o t h e s p i l l w a y b o x e s . The 

v e r y L i m i t e d amount of r a i n f a l l was a l s o r e t a i n e d by t h e a d d i t i o n 

o f s p i l l w a y b o a r d s . As w a t e r l e v e l s i n c r e a s e d t o a p p r o x i m a t e l y 

two f e e t on t h e bed, w a t e r exchange d e c r e a s e d and was l i m i t e d t o 

t h e t o p of t h e h i g h t i d e s . 

G r a d u a l w a t e r l e v e l r e d u c t i o n was begun i n l a t e O c t o b e r w i t h 

t h e a r r i v a l o f w i n t e r i n g w a t e r f o w l , a l t h o u g h b l u e w i n g t e a l 

a r r i v e d as e a r l y as A u g u s t , and c o n t i n u e d t h r o u g h o u t t h e w i n t e r 

as t h e a v a i l a b l e w i d g e o n g r a s s and seeds were u t i l i z e d . D u r i n g 

t h e 19-month f i e l d s t u d y i n 1983 and 1984, a t o t a l o f 1,544 

o b s e r v a t i o n p e r i o d s were c o n d u c t e d f r o m e l e v a t e d b l i n d s l o c a t e d 

on d i k e s b e t w e e n t h e managed impoundments and t h e o l d r i c e f i e l d 

a r e a t h a t i s now t i d a l , t y p i c a l of Spa r t i na m a r s h e s . There were 

141,426 o b s e r v a t i o n s of i n d i v i d u a l b i r d use d a y s , o r 2,778 use 

days per a c r e , r e c o r d e d f o r t h e s e s p e c i e s . F i f t y - s i x s p e c i e s 
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were o b s e r v e d u s i n g t h e unmanaged s i t e s , w h i l e 76 s p e c i e s were 

o b s e r v e d u s i n g t h e managed m a r s h e s . A n n u a l a v e r a g e use days 

t o t a l e d 222,043 on t h e a p p r o x i m a t e l y 1 5 0 - a c r e a r e a . 

B r i e f l y , a number o f o t h e r f i n d i n g s f r o m t h i s r e s e a r c h 

e f f o r t a r e as f o l l o w s : 

- B i r d use was d i r e c t l y r e l a t e d t o t h e d e c r e a s i n g w a t e r 

l e v e l , w h i c h was t h e most i m p o r t a n t v a r i a b l e . 

- S p r i n g w a t e r l e v e l was t h e most i m p o r t a n t v a r i a b l e . 

- The l a r g e s t number of b i r d s were o b s e r v e d i n s p r i n g , 

f o l l o w e d by w i n t e r , f a l l , and summer i n t h a t o r d e r . 

- S h o r e b i r d s c o n t r i b u t e d 54.8% o f t h e a n n u a l use w i t h 

h i g h e s t numbers i n s p r i n g ( F i g . 1 ) . 

- W a t e r f o w l were second w i t h 26.8% of t h e a n n u a l use and 

as e x p e c t e d p r e d o m i n a t e i n t h e w i n t e r w i t h 35,792 a v e r a g e 

w i n t e r use days ( F i g . 1 and 2 ) . 

- Nine of 15 s p e c i e s o f w a d i n g b i r d s were p r e d o m i n a t e d u r i n g 

summer w i t h 7,787 use days and i n f a l l w i t h 9,933 use days 

( F i g . 2 and 3 ) . 

- S o u t h e r n b a l d e a g l e s a v e r a g e d 81 a n n u a l use days and 

were more common f r o m J a n u a r y t h r o u g h A p r i l w h i l e n e s t i n g 

i n t h e a r e a . 

- N o r t h e r n h a r r i e r ( m a r s h hawks) o c c u r r e d most f r e q u e n t l y 

f r o m September t h r o u g h A p r i l . 

- O spreys were r e c o r d e d e v e r y mouth e x c e p t J a n u a r y b u t p r e 

d o m i n a t e l y f r o m March t h r o u g h September w h i l e n e s t i n g i n 

t h e a r e a . 

- The most h e a v i l y u t i l i z e d s i t e s were t h e managed marshes 
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gure 1. R e l a t i v e average annual use-days f o r seven 
w a t e r b i r d groups, 1983 t o 1984. 
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Figure 2. Average f a l l and w i n t e r u t i l i z a t i o n by seven w a t e r b i r d groups, 
1983 t o 1984. 
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Figure 3. Average s p r i n g and summer u t i l i z a t i o n by seven w a t e r b i r d groups, 
1983 t o 1984. 
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w i t h t h e l a r g e r 3 3 - a c r e impoundment, C o o p e r f i e l d , as t h e 

most used w h i l e t h e l e a s t used was t h e t i d a l impoundment 

i n a l l seasons by a l l s p e c i e s e x c e p t c l a p p e r r a i l s . 

- T here were 502 a l l i g a t o r o b s e r v a t i o n s made d u r i n g t h e 

s t u d y , a g a i n p r e d o m i n a t e l y i n t h e l a r g e r impoundment, 

C o o p e r f i e l d . 

- P r e v i o u s l y , o n l y 68 w a t e r b i r d s p e c i e s were r e p o r t e d f o r 

S o u t h C a r o l i n a impoundments w h i l e 76 were r e c o r d e d d u r i n g 

t h i s s t u d y . 

H i g h w a t e r b i r d use of managed marshes a p p e a r s d i r e c t l y 

r e l a t e d t o s e a s o n , management s t r a t e g y , u n i t a r e a , and r e s o u r c e 

a v a i l a b i l i t y . Managed marshes f o r w a t e r f o w l i n b r a c k i s h a r e a s 

p r o v i d e w a t e r l e v e l m a n i p u l a t i o n s and r e s u l t a n t d e p t h s where f o o d 

and p r e y a r e d r a m a t i c a l l y I n c r e a s e d . T h i s b e n e f i t s a g r e a t 

v a r i e t y o f game, non-game, and e n d a n g e r e d s p e c i e s . These r e s u l t s 

have m a j o r i m p l i c a t i o n s f o r mu1t 1 - s p e c 1 e s management p r a c t i c e s i n 

So u t h C a r o l i n a c o a s t a l w e t l a n d s . S l i g h t a l t e r a t i o n s o f w a t e r 

l e v e l s t r a t e g i e s t o i n c r e a s e w a t e r movement and i n c r e a s e r e s o u r c e 

a v a i l a b i l i t y can enhance c o n d i t i o n s f o r many w i l d s p e c i e s and 

s t i l l m a i n t a i n h i g h w a t e r f o w l u t i l i z a t i o n . 

ADDITIONAL CONSIDERATIONS REGARDING MULTI-SPECIES 

UTILIZATION OF MANAGED MARSHES 

D u r i n g c o n s t r u c t i o n o r t o p p i n g o f d i k e s , i n c l u d i n g w i d e r 

banks or b r o a d e r berms s h o u l d be c o n s i d e r e d t o pr o m o t e g r o w t h of 

g r e a t e r v a r i e t i e s o f g r a s s , s h r u b s , and e v e n t u a l l y t r e e s . There 

i s t h e p o s s i b l i t y t h a t t h e s e l a r g e r p l a n t s may be bl o w n o v e r and 
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damage t h e bank or berm, r e q u i r i n g s p o t r e p a i r s . However, t h e s e 

p l a n t s a c t as w i n d b r e a k s and may s e r v e t o c u r b e r o s i o n . They can 

a l s o become an e x t e n s i o n o f t h e u p l a n d and i n c r e a s e t h e b o u n t i f u l 

edge e f f e c t f o r a v a r i e t y of b i r d s , mammals and r e p t i l e s , n o t t o 

m e n t i o n e n h a n c i n g t h e b e a u t y o f t h e a r e a . 

I t may be d e s i r a b l e t o t h i n k a b o u t e s t a b l i s h m e n t of g r a s s 

t u r f on l a r g e p e r i m e t e r banks t o p r e v e n t e r o s i o n and p r o v i d e 

g r a z i n g and seed p r o d u c t i o n . Many t i m e s c o n s i d e r a b l e m o u r n i n g 

dove u t i l i z a t i o n , a l o n g w i t h marsh r a b b i t s , d e e r and c o o t s , can 

be p r o m o t e d . I n t h i s r e g a r d i t may be n e c e s s a r y t o s p r e a d a t h i n 

l a y e r of t o p s o i l o r sand on t h e s e banks t o p r o m o t e t h i s t y p e 

t u r f . The p o i n t f r o m w h i c h t h i s t o p s o i l i s o b t a i n e d , 

p a r t i c u l a r l y i n more s a l i n e a r e a s , s h o u l d be dug o u t t o f o r m a 

f r e s h w a t e r p o t h o l e . P a r t i c u l a r l y d u r i n g p e r i o d s of d r o u g h t t h e s e 

p o t h o l e s become v e r y i m p o r t a n t and i n t e n s i v e l y used h a b i t a t s . 

I f you a r e f o r t u n a t e i n h a v i n g banks t h a t c o n n e c t s m a l l 

wooded i s l a n d s a n d / o r f o r e s t e d u p l a n d s , c o n s i d e r a t i o n s h o u l d be 

g i v e n t o l e a v i n g any l a r g e t r e e s as p o t e n t i a l n e s t s i t e s . 

S t u d i e s have s t a t i s t i c a l l y shown t h a t e a g l e s a r e more l i k e l y t o 

n e s t i n t h e i m m e d i a t e v i c i n i t y of i m p o u n d m e n t s . The o s p r e y s , as 

we a l l know, p r e f e r t h e dead snags o v e r or near w a t e r and t h e s e 

snags s h o u l d be p r o t e c t e d f r o m f i r e . Many o t h e r s p e c i e s w h i c h 

n e s t h e r e or m i g r a t e t h r o u g h t h e a r e a u t i l i z e t h e s e s n a g s ; 

p a r t i c u l a r l y t h e r o t r e s i s t a n t c y p r e s s and c e d a r . A r t i f i c i a l 

p o l e s and p l a t f o r m s can even be e r e c t e d f o r n e s t i n g or p e r c h i n g . 

T h i c k e t s on t h e s e I s l a n d s and u p l a n d s a d j a c e n t t o impoundments 

a r e o f t e n u t i l i z e d as r o o s t i n g s i t e s f o r m o u r n i n g doves and, 

f r e q u e n t l y , h u n d r e d s of w a d i n g b i r d s . 
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B u r n i n g s h o u l d be a t o o l used p r o p e r l y and w i t h f o r e t h o u g h t 

and p r e p a r a t i o n t o a c c o m p l i s h s e t o b j e c t i v e s and n o t j u s t as a 

m a t t e r o f h a b i t . When b u r n i n g , c a r e s h o u l d be used t o p r o t e c t 

n e s t s i t e s , r o o s t s i t e s , mast p r o d u c i n g t r e e s , e t c . 

As m e n t i o n e d e a r l i e r , impoundment s i z e can be e s s e n t i a l t o 

p r o p e r management p o t e n t i a l f o r t a r g e t s p e c i e s . Cross d i k e s 

w i t h i n l a r g e r ponds can o f t e n be t h e answer t o b e t t e r w a t e r 

c o n t r o l and c i r c u l a t i o n . They a l s o may be u t i l i z e d t o add 

v a r i a t i o n i n management p r o c e d u r e s , s t a g g e r d r a i n i n g and 

f l o o d i n g , o f f e r d i f f e r e n t s a l i n i t y s i t u a t i o n s , v a r y c o v e r 

c o n d i t i o n s , and g e n e r a l l y a f f o r d a g r e a t e r v a r i e t y o f p l a n t and 

a n i m a l s p e c i e s . You d o n ' t have a l l o f y o u r eggs I n t h e same 

b a s k e t ! 

We may summerize some o f t h e o p t i o n s and a d v a n t a g e s c o n n e c t e d 

w i t h t h e i n c r e a s e d number of manageable u n i t s as f o l l o w s : 

- A b i l i t y t o p r o v i d e g r e a t e r v a r i e t y o f f o o d s o u r c e s . 

- S e p a r a t e a r e a s can be p r o v i d e d f o r b e t t e r c o v e r and d e e p e r 

w a t e r f o r s e v e r e w i n t e r c o n d i t i o n s . 

- F r e s h e r w a t e r a r e a s can be p r o v i d e d f o r t h o s e s p e c i e s t h a t 

p r e f e r them. 

- Areas may n o t need t o be d r a i n e d each season t o p r o v i d e 

g r e a t e r p r o d u c t i o n . 

- Areas can be d e w a t e r e d a t s t a g g e r e d r a t e s . 

- Areas can be b u r n e d and o t h e r s l e f t u n b u r n e d . 

- Area can be h a r v e s t e d f o r f i s h or s h r i m p and o t h e r s 

l e f t u n d i s t u r b e d . 

- S p e c i e s n e s t i n g i n an a r e a l i k e s h o r e b i r d s and a l l i g a t o r s , 
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can be p e r m i t t e d t o c o m p l e t e t h e i r n e s t i n g w i t h o u t b e i n g 

f l o o d e d o u t . 

- E x t e n d e d g r a d u a l draw downs can be o f f e r e d f o r s h o r e b i r d s . 

And d o n ' t f o r g e t t h a t t h e s m a l l e r u n i t s make i t e a s i e r t o 

f l u s h i n t h e t i m e f r a m e needed t o i n h i b i t m o s q u i t o p r o d u c t i o n 

when r e f l o o d i n g i n t h e summer. 

P e r h a p s w i t h t h e Sea G r a n t S t u d y and t h e i n f o r m a t i o n 

p r o v i d e d as a r e s u l t of m e e t i n g s l i k e t h i s one, we a r e on t h e wa 

t o d r o p p i n g t h e t e r m "impoundment" and a d o p t i n g and i m p l e m e n t i n g 

"managed marshes" or "managed w e t l a n d s . " 
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C o m b i n a t i o n Management f o r A q u a c u l t u r e a n d W a t e r f o w l 

J a c k 
Clemson/Sea G r a n t 

M. Whet 
Ma r i n e 

s t o n e 
E x t e n s i o n Program 

INTRODUCTION 

S i n c e t h e e a r l y 1 9 00's, when t h e r i c e c u l t u r e i n d u s t r y i n 

So u t h C a r o l i n a ended, t h e p r i m a r y management g o a l i n So u t h 

C a r o l i n a w e t l a n d impoundments has been t h e a t t r a c t i o n o f 

w a t e r f o w l . Management r e g i m e s were d e s i g n e d t o I n c r e a s e 

p r o d u c t i o n o f a q u a t i c p l a n t s p e c i e s t h r o u g h s p e c i f i c d r a i n i n g and 

f l o o d i n g m a n i p u l a t i o n s . I n t h e l a t e 1950's and e a r l y 1960's, Dr. 

R o b e r t Lunz a t t h e Bears B l u f f L a b o r a t o r y on Wadmalaw I s l a n d 

p i o n e e r e d t h e management o f c o a s t a l impoundments f o r t h e 

p r o d u c t i o n o f n a t i v e p e n a e i d s h r i m p s . The management scheme a l s o 

i n c o r p o r a t e d a s p e c i f i c d r a i n i n g and f l o o d i n g s c h e d u l e . As a 

r e s u l t o f t h i s r e s e a r c h , b r a c k i s h and s a l t w a t e r Impoundments h e l d 

t h e p o t e n t i a l f o r a q u a c u l t u r e management. I n t h e e a r l y 1980's, 

f o l l o w i n g t h e s u c c e s s o f L o u i s i a n a r i c e f a r m e r s , S o u t h C a r o l i n a 

c o a s t a l impoundments were s t o c k e d w i t h c r a w f i s h i n an a t t e m p t t o 

p r o d u c e an a l t e r n a t i v e c o m m e r c i a l c r o p . The s p e c i f i c f l o o d i n g 

and d r a i n i n g c y c l e s o f f e r e d impoundment managers an o p p o r t u n i t y 

t o a t t e m p t c o m b i n a t i o n management f o r a q u a c u l t u r e and w a t e r f o w l . 

WATERFOW L-PENAEID SHRIMP MANAGEMENT 

I n b r a c k i s h and s a l i n e w a t e r s t h e p r i m a r y management scheme 

i s t h e d r a i n i n g and f l o o d i n g o f impoundments a t s p e c i f i c t i m e s 

f o r t h e p r o d u c t i o n of w i d g e o n g r a s s , R u p p i a m a r i t i m a , t o a t t r a c t 

w a t e r f o w l ( T a b l e 1 ) . 
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T a b l e 1 

WIDGEONGRAS S-WATERFOWL MANAGEMENT 

March- D r a i n 

March-May- M o i s t 

May-June- F l o o d 

J u n e - O c t o b e r - C i r c u l a t e and I n c r e a s e L e v e l s 

O c t o b e r - M a r c h - Decrease L e v e l s 

Dr. R o b e r t Lunz a t t h e Bears B l u f f L a b o r a t o r y on Wadmalaw 

I s l a n d , s o u t h o f C h a r l e s t o n , S.C. d e v e l o p e d a s i m i l a r management 

scheme f o r p e n a e i d s h r i m p i n t h e l a t e 1950's and e a r l y 1960's 

( T a b l e 2 ) . 

T a b l e 2 

EXTENSIVE PENAEID SHRIMP MANAGEMENT 

MARCH-APRIL As needed, r e p a i r t r u n k s and d i k e s a f t e r 

o b t a i n i n g p e r m i t s . 

MAY D r a i n impoundments and r o t e n o n e r e m a i n i n g w a t e r . 

JUNE Sc r e e n and f l o o d a t n i g h t d u r i n g maximum 

p o s t l a r v a l w h i t e s h r i m p c o n c e n t r a t i o n s . 

JUNE-SEPT. A l l o w f o r w a t e r c i r c u l a t i o n , u s i n g t h e t i d e s , o f 

10% p e r day. 

SEPT.-OCT. H a r v e s t by t r a w l i n g o r d r a i n i n g . 
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The s c h e d u l e s f o r w i d g e o n g r a s s management and p e n a e i d s h r i m p 

management a l i g n w e l l as t h e t i m i n g o f m a j o r w a t e r l e v e l changes 

a r e of e x t r e m e i m p o r t a n c e i n c o m b i n a t i o n management. I f t h e 

w a t e r q u a l i t y p a r a m e t e r s and m a j o r w a t e r exchanges o f t h e two 

management schemes a r e compared ( T a b l e 3) t h e p o t e n t i a l f o r 

c o m b i n a t i o n management can be e a s i l y r e a l i z e d . 

T a b l e 3 

WAT ERFOWL-PENAEID SHRIMP MANAGEMENT 

Wi d g e o n g r a s s Shrimp 

PH 5.5-7.0 6.0-8.0 

S a l i n i t y 8-15 p p t 10-20 p p t 

F l o o d June June 

S t o c k i n g G r a d u a l G r a d u a l 

C i r c u l a t i o n Yes Yes 

D r a i n i n g F e b r u a r y - M a r c h O c t o b e r 

The v a l u e s f o r pH o v e r l a p b u t i n p r a c t i c e pH l e v e l s t e n d t o 

f a v o r w i d g e o n g r a s s p r o d u c t i o n w h i c h may r e d u c e p e n a e i d s h r i m p 

p r o d u c t i o n s l i g h t l y . 

S a l i n i t y r a n g e s a r e f a i r l y s i m i l a r ; s i n c e w i d g e o n g r a s s and 

p e n a e i d s h r i m p can w i t h s t a n d w i d e s a l i n i t y r a n g e s no m a j o r 

p r o b l e m s w i t h s a l i n i t y s h o u l d o c c u r , e x c e p t a t t h e h i g h e s t and 

l o w e s t n a t u r a l l e v e l s . 

F l o o d i n g s c h e d u l e s c o l n c e d e n i c e l y . June f l o o d i n g d a t e s f o r 

w i d g e o n g r a s s a r e a r e l a t i v e l y new a d d i t i o n t o t h e management 
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scheme. The S.C. Sea G r a n t C o n s o r t i u m C o a s t a l W e t l a n d 

Impoundment P r o j e c t d e t e r m i n e d t h a t e a r l i e r f l o o d i n g d a t e s were 

p r o d u c i n g maximum l e v e l s o f w i d g e o n g r a s s b e f o r e w a t e r f o w l 

m i g r a t e d t o t h e s i t e . By w a i t i n g t o f l o o d i n June, maximum 

w i d g e o n g r a s s l e v e l s c o i n c i d e w i t h t h e w a t e r f o w l s e a s o n . 

C o n c u r r e n t l y , p e n a e i d s h r i m p w i l l be o c c u r r i n g i n t h e a d j a c e n t 

s t r e a m s and can be r e c r u i t e d . 

W a ter l e v e l s a r e c l o s e l y r e g u l a t e d i n b o t h schemes and w i t h 

I n c r e a s i n g w a t e r l e v e l s and a d e q u a t e c i r c u l a t i o n , w i d g e o n g r a s s 

and p e n a e i d s h r i m p l e v e l s i n c r e a s e t h r o u g h o u t t h e s e a s o n . 

Water c i r c u l a t i o n i s e x t r e m e l y i m p o r t a n t i n b o t h schemes. 

I n w i d g e o n g r a s s management, c i r c u l a t i o n r e d u c e s t e m p e r a t u r e s by 

b r i n g i n g i n f r e s h e r w a t e r , and w a t e r movement r e d u c e s n o x i o u s 

f i l a m e n t o u s a l g a e . Water ex c h a n g e s o f 10% p e r day o r more a r e 

r e q u i r e d i n p e n a e i d s h r i m p c u l t u r e t o m a i n t a i n d i s s o l v e d o x y g e n 

above t h e t h r e e p a r t s p e r m i l l i o n (PPM) t o l e r a n c e l e v e l . 

W i d g e o n g r a s s Impoundments a r e d r a i n e d i n F e b r u a r y or March 

a f t e r t h e w a t e r f o w l season ends i n S o u t h C a r o l i n a . H a r v e s t i n g o 

p e n a e i d s h r i m p o c c u r s i n September and O c t o b e r . Shrimp a r e 

h a r v e s t e d by e i t h e r t r a w l i n g p e r i m e t e r d i t c h e s or by d r a i n i n g . 

T r a w l i n g impoundments y i e l d s f e w e r s h r i m p per a c r e , b u t t h e 

impoundments do n o t have t o be d r a i n e d . Y i e l d s a r e i n t h e 10-25 

pounds per a c r e r a n g e , and w i d g e o n g r a s s p r o d u c t i o n i s n o t 

a p p r e c i a b l y a f f e c t e d . I f impoundments a r e d r a i n - h a r v e s t e d , 

p e n a e i d s h r i m p y i e l d s r a n g e f r o m 50-100 pounds per a c r e d e p e n d i n 

on s t o c k i n g s u c c e s s . I f beds o f w i d g e o n g r a s s a r e d r a i n e d and 

exposed t o t h e s u n , d e c o m p o s i t i o n w i l l b e g i n . I n p r a c t i c e , 
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p e n a e i d s h r i m p t e n d t o l e a v e impoundments i n mass and on n i g h t 

d r a i n i n g e v e n t s when 1-4 i n c h e s o f w a t e r r e m a i n on t h e bed. I f 

impoundments can be i m m e d i a t e l y r e f l o o d e d , w i d g e o n g r a s s s h o u l d 

n o t be a d v e r s e l y a f f e c t e d (more r e s e a r c h i s needed t o document 

t h e r a t e s of d e c o m p o s i t i o n and e s t a b l i s h r e f l o o d i n g s c h e d u l e s f o r 

i m p o u n d m e n t s ) . 

S c r e e n i n g o f t h e i n t a k e s w i t h 1 / 2 - i n c h mesh h a r d w a r e c l o t h 

i s an e f f e c t i v e means t o r e d u c e p r e d a t o r p o p u l a t i o n s and i n c r e a s e 

s h r i m p y i e l d s ( b y up t o 1 0 0 % ) . The d o w n s i d e r i s k of s c r e e n i n g i s 

a r e d u c t i o n i n w a t e r f l o w and t h e p o t e n t i a l f o r l o s s o f b o t h 

w i d g e o n g r a s s and s h r i m p c r o p s due t o a l a c k o f c i r c u l a t i o n . 

U n l e s s managers a r e w i l l i n g t o check and c l e a n s c r e e n s r e g u l a r l y 

t h e d o w n s i d e r i s k s o u t w e i g h t h e b e n e f i t s of s c r e e n i n g . 

C o m b i n a t i o n management f o r w a t e r f o w l and s h r i m p can be 

s u c c e s s f u l and has been p r a c t i c e d by such i n n o v a t i v e managers as 

Mr. Graham Reeves, Mr. R. K e n n e t h W i l l i a m s , and Dr. Bob L u m p k i n . 

T h e i r s u c c e s s s h o u l d e n c o u r a g e more managers t o p r a c t i c e t h i s 

m u l t i p l e s p e c i e s management r e g i m e . 

WATERFOWL-CRAWFISH MANAGEMENT 

F o l l o w i n g , t h e s u c c e s s e s o f c r a w f i s h f a r m e r s i n L o u i s i a n a and 

Texas i n u t i l i z i n g r i c e f i e l d s f o r c r a w f i s h p r o d u c t i o n , S o u t h 

C a r o l i n a impoundment owners and managers have e x p l o r e d t h e 

p o t e n t i a l of c r a w f i s h management. I n i t i a l a t t e m p t s t o s t o c k 

S o u t h C a r o l i n a impoundments o c c u r r e d i n t h e l a t e 1 970's, b u t 

c o m m e r c i a l p r o d u c t i o n i n r i c e f i e l d s a c t u a l l y s t a r t e d i n 198 1 . 

F r e s h w a t e r impoundments i n S o u t h C a r o l i n a had been managed 

s i n c e t h e e a r l y 1 9 0 0 ' s f o r n a t u r a l v e g e t a t i o n t o a t t r a c t 
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w a t e r f o w l . L a t e r a t t e m p t s have been made t o p l a n t f o r a g e c r o p s , 

p r i m a r i l y g r a i n c r o p s , t o i n c r e a s e w a t e r f o w l u t i l i z a t i o n . As 

L o u i s i a n a and Texas r i c e f a r m e r s u t i l i z e d c r a w f i s h as a d o u b l e 

c r o p p e d p r o d u c t w i t h c o m m e r c i a l r i c e p r o d u c t i o n , S o u t h C a r o l i n a 

impoundment managers were s e e k i n g t o d o u b l e - c r o p w a t e r f o w l and 

cr awf i s h. 

F r e s h w a t e r n a t u r a l v e g e t a t i o n management f o r w a t e r f o w l 

( T a b l e 4) and c r a w f i s h management ( T a b l e 5) have s i m i l a r 

s c h e d u l e s of m a j o r f l o o d i n g and d r a i n i n g e v e n t s . Impoundments 

a r e d r a i n e d i n t h e summer months and f l o o d e d d u r i n g f a l l and 

w i n t e r . The m a j o r d i f f e r e n c e i n t h e s c h e d u l e s i s t h e d r a i n i n g 

T a b l e 4 

FRESHWATER WATERFOWL MANAGEMENT: NATURAL 

M a r c h - A p r i l - D r a i n 

Ma y- F l o o d t o Bed L e v e l 

May-Sept.- S a t u r a t e Bed 

S e p t . - O c t . - D r a i n 

Oct.-Nov B u r n 

No v . - Fe b . - F l o o d 
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T a b l e 5 

CRAWFISH MANAGEMENT 

May- Stock. P r e p a r e d Pond 

J u n e - D r a i n Over Ten Days 

J u n e - J u l y - P l a n t Forage Crop 

S e p t . - O c t . - F l o o d Pond 

Nov.-May- H a r v e s t C r a w f i s h 

J u n e - D r a i n and R e s t a r t C y c l e 

p e r i o d . I n s p r i n g , impoundment beds a r e d r a i n e d and d r i e d o u t t o 

a l l o w t h e seed of n a t u r a l p l a n t s t o g e r m i n a t e i n w a t e r f o w l 

management, whereas d r a i n i n g o c c u r s i n e a r l y summer i n managed 

c r a w f i s h i m p o u n d m e n t s . I f c r o p s a r e p l a n t e d f o r w a t e r f o w l , 

h owever, t h e d r a i n i n g d a t e s h o u l d be d e l a y e d u n t i l e a r l y summer 

t o c o i n c i d e w i t h t h e c r a w f i s h management scheme. 

When t h e c h a r a c t e r i s t i c s o f f r e s h w a t e r w a t e r f o w l management 

and c r a w f i s h management a r e compared ( T a b l e 6 ) , t h e p o t e n t i a l f o r 

c o m b i n a t i o n management becomes e v i d e n t . 

A wide v a r i e t y of g r a i n c r o p s can be p l a n t e d f o r w a t e r f o w l , 

w h i l e r i c e i s t h e o n l y recommended f o r a g e c r o p f o r c r a w f i s h . 

Recent advances a t t h e L o u i s i a n a S t a t e U n i v e r s i t y A g r i c u l t u r a l 

E x p e r i m e n t S t a t i o n on sorghum as a s u c c e s s f u l f o r a g e c r o p f o r 

c r a w f i s h has added a new p o t e n t i a l c r o p f o r b o t h w a t e r f o w l and 

c r a w f i s h p r o d u c t i o n . 
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T a b l e 6 

WATERFOWL-CRAWFISH MANAGEMENT 

W a t e r f o w l Crops C r a w f i s h Crops 

Crops M i l l e t , C o r n , R i c e Ri ce 

N a t u r a l Wide V a r i e t y Smartweed, A l l i g a t o r -
Weed, Water P r i m r o s e 

S a l i n i t y F r e s h - B r a c k i s h 5 p p t o r l e s s 

C i r c u l a t i o n I m p o r t a n t V e r y I m p o r t a n t 

Ha r v e s t N o v e m e b e r - J a n u a r y Novembe r-May 

A w i d e v a r i e t y o f n a t u r a l p l a n t s a r e s u i t e d f o r w a t e r f o w l 

w h i l e o n l y t h r e e p l a n t t y p e s a r e t r u l y recommended f o r a g e f o e 

c r a w f i s h . Smartweeds a r e t h e o n l y n a t u r a l p l a n t s w h i c h o f f e r 

good seed p r o d u c t i o n f o r w a t e r f o w l and f o r a g e f o r c r a w f i s h . 

C r a w f i s h a r e f r e s h w a t e r a n i m a l s and r e q u i r e s a l i n i t i e s o f 5 

p a r t s p e r t h o u s a n d o r l e s s . F r e s h w a t e r w a t e r f o w l management w i t h 

e i t h e r n a t u r a l o r p l a n t e d v e g e t a t i o n r e q u i r e s t h e same s a l i n i t y 

r eg i me. 

C i r c u l a t i o n i s i m p o r t a n t i n m a i n t a i n i n g a c c e s s and p r o p e r 

v e g e t a t i o n management f o r f r e s h w a t e r w a t e r f o w l management. I n 

c r a w f i s h management, c i r c u l a t i o n i s of u t m o s t i m p o r t a n c e . 

C i r c u l a t i n g a e r a t e d w a t e r has been f o u n d t o be t h e o n l y method o f 

m a i n t a i n i n g d i s s o l v e d o x y g e n above t h e 3 p a r t s p er m i l l i o n 

t o l e r a n c e l e v e l i n c r a w f i s h ponds. 
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The w a t e r f o w l h u n t i n g s e a s o n and t h e c r a w f i s h h a r v e s t season 

i n i t i a l l y a p p e a r t o o v e r l a p i n S o u t h C a r o l i n a , s i m i l a r t o t h e 

s i t u a t i o n i n L o u i s i a n a . I n L o u i s i a n a , c r a w f i s h f a r m e r s compete 

w i t h a w i l d h a r v e s t i n d u s t r y i n t h e s p r i n g ; t h e i r f a l l c r o p can 

b r i n g t w i c e t h e p r i c e of t h e s p r i n g c r o p . I n S o u t h C a r o l i n a , 

c r a w f i s h f a r m e r s have no w i l d f i s h e r y c o m p e t i t i o n , so a f a l l c r o p 

i s n o t as i m p o r t a n t f o r p r o d u c t i o n . C r a w f i s h a r e c o l d - b l o o d e d 

a n i m a l s , and t r a p p i n g s u c c e s s i s g r e a t l y r e d u c e d as w a t e r 

t e m p e r a t u r e s d e c l i n e below 60°F. L o u i s i a n a ' s c l i m a t e i s 

a p p r o x i m a t e l y t h r e e weeks warmer t h a n S o u t h C a r o l i n a ' s c l i m a t e , 

t h e r e f o r e , t h e S o u t h C a r o l i n a c r a w f i s h h a r v e s t i s s m a l l e r I n t h e 

f a l l and w i n t e r t h a n L o u i s i a n a ' s p r o d u c t i o n . 

C o m b i n a t i o n management f o r w a t e r f o w l and c r a w f i s h i s i n i t s 

i n f a n c y i n So u t h C a r o l i n a , and some compromise i n management w i l l 

need t o be made. Successes have been made and f u r t h e r 

d e v e l o p m e n t s s h o u l d i n c r e a s e t h e e f f e c t i v e n e s s of t h i s t y p e o f 

management. The f e e s o b t a i n e d f o r w a t e r f o w l h u n t i n g i n South 

C a r o l i n a s h o u l d o u t w e i g h any r e d u c t i o n s I n f a l l c r a w f i s h 

h a r v e s t s . 
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Management I n n o v a t i o n s To E n h a n c e The U s e Of Impoundments By 
E s t u a r i n e T r a n s i e n t S p e c i e s 

P h i l l i p M. W i l k i n s o n 
S o u t h C a r o l i n a W i l d l i f e and M a r i n e R e s o u r c e s D e p a r t m e n t 

S a m p l i n g t h a t was done f o r m a r i n e o r g a n i s m s r i g h t a f t e r an 

impoundment was f l o o d e d i n d i c a t e d t h a t t h e o r g a n i s m s f o u n d on t h e 

i n s i d e of t h e impoundment and t h o s e i n t h e t i d a l c r e e k s were 

p r e t t y much t h e same. The numbers of some s p e c i e s peaked h i g h e r 

i n t h e impoundments d u r i n g f l o o d i n g because o f t h e s t o c k p i l i n g 

e f f e c t . However, a f t e r t h e t r u n k d o o r s were c l o s e d b e t w e e n t h e 

t i d a l w a t e r c r e e k and t h e impoundment, t h e c o m p o s i t i o n of 

o r g a n i s m s i n t h e two s y s t e m s c h a n g e d . For e x a m p l e , t h e t i d a l 

c r e e k s have d i f f e r e n t o r g a n i s m s i n t h e w a t e r column a t d i f f e r e n t 

t i m e s of t h e y e a r . T h e r e f o r e , t h e o r g a n i s m s t h a t o c c u r i n t h e 

impoundment depend upon when t h e impoundment was f l o o d e d , and 

where i n t h e e s t u a r i n e s y s t e m t h e impoundment i s s i t u a t e d . 

D i f f e r e n c e s i n t h e c o m p o s i t i o n o f o r g a n i s m s i n t h e two s y s t e m s , 

o v e r t i m e , become a p p a r e n t as t h o s e s p e c i e s t h a t do w e l l i n t h e 

impoundment e n v i r o n m e n t grow a n d / o r m u l t i p l y , w h i l e o t h e r s , n o t 

we 1 1 - a d a p t e d , go t h r o u g h a d e c l i n e o r a c t u a l l y d i s a p p e a r . 

S t u d i e s done on t h e L o u i s i a n a G u l f c o a s t i n d i c a t e d t h a t some 

b o t t o m o r g a n i s m s d o n ' t c r o s s o v e r t o p w a t e r s p i l l w a y s . I f an 

impoundment manager were t o a t t e m p t t o enhance t h e use of 

impoundments by e s t u a r i n e t r a n s i e n t s p e c i e s , t h e n i t a p p e a r s f r o m 

o u r p r e s e n t k n o w l e d g e t h a t two b a s i c c o n s i d e r a t i o n s must be met: 

1) To keep w a t e r m o v i n g o r f l o w i n g i n t o and o u t of t h e 

impoundment as c o n t i n u o u s l y and as o f t e n as p o s s i b l e w h i l e s t i l l 
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m e e t i n g management o b j e c t i v e s , and 2) a l l o w i n f l o w and o u t f l o w of 

w a t e r t o o c c u r a t as many l e v e l s of t h e w a t e r column as p o s s i b l e . 

To a c c o m p l i s h t h e s e w a t e r m a n i p u l a t i o n s t r a t e g i e s l e t us c o n s i d e r 

s e v e r a l p o s s i b i l i t i e s , some o f w h i c h have been t r i e d and a r e i n 

p r a c t i c e i n a few a r e a s now and o t h e r s w h i c h have n o t been t r i e d . 

T a b l e 1 shows some g e n e r a l i z e d w a t e r f o w l management 

s t r a t e g i e s c u r r e n t l y b e i n g p r a c t i c e d i n v a r i o u s marsh t y p e s 

( b a s e d on s a l i n i t y ) . I n f r e s h and f r e s h / b r a c k i s h marsh 

i m p o u n d m e n t s , w a t e r l e v e l s i n t h e impoundments a r e m a i n t a i n e d 

somewhere a r o u n d t h e bed l e v e l d u r i n g t h e g r o w i n g s e a s o n t o 

c r e a t e a m o i s t s o i l c o n d i t i o n . The management of t h i s w a t e r 

l e v e l s i t u a t i o n c o u l d be a c c o m p l i s h e d by s e t t i n g an o u t s i d e t r u n k 

d o o r t o an o p e n i n g o f a b o u t 3 i n c h e s . Water w o u l d f l o w i n t o Che 

impoundment on t h e i n c o m i n g t i d e , and o u t a g a i n t h r o u g h an e q u a l 

s i z e i n s i d e d o o r o p e n i n g l o c a t e d i n a n o t h e r l o c a t i o n i n t h e 

impoundment ( F i g . 1 ) . Under t h i s management s t r a t e g y , w a t e r 

w o u l d e n t e r t h e impoundment when t i d e l e v e l i s above t h e w a t e r -

l e v e l i n t h e impoundment and e x i t when t i d e l e v e l i s below t h e 

impoundment w a t e r l e v e l ( F i g . 2 & 3 ) . 

When t h e o u t s i d e d o o r and I n s i d e d o o r a r e open a b o u t t h e 

same - i n t h i s case a b o u t 3 i n c h e s - t h e n t h e a r e a of i n f l o w and 

o u t f l o w a r e a t a r a t i o o f 1:1. I f t h e s e d o o r o p e n i n g s e t t i n g s 

a r e m a i n t a i n e d t h e impoundment w i l l b e g i n t o f i l l e ven t h o u g h t h e 

a r e a o f t h e ' i n ' and ' o u t ' o p e n i n g s a r e t h e same. T h i s i s 

b e c a u s e , a t f i r s t , t h e a v e r a g e t i d e l e v e l s w i l l be h i g h e r t h a n 

t h e a v e r a g e w a t e r l e v e l i n t h e impoundment l o n g e r t h a n i t w i l l be 

l o w e r . T h e r e f o r e , t h e r e w i l l be more t i m e f o r w a t e r t o f l o w i n t o 
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GENERALIZED WATERFOWL MANAGEMENT STRATEGIES 

FRESH FRESH/BRACKISH BRACKISH BRACKISH/ SALINE SALINE 

Summer drawdown 
to encourage 
natural ly occurr ing 
seed producing 
annuals. 

Flood during 
w a t e r f o w l season. 
Drawdown and keep 
water at about bed 
level dur ing the 
growing season. 

Summer d rawdown 
to encourage 
natura l ly occur r ing 
seed produc ing 
annuals. 

F lood during 
w a t e r f o w l season . 
D rawdown and keep 
wa te r at about bed 
level dur ing the 
growing s e a s o n . 

During dry g rowing 
seasons when 
es tuar ine sal in i t ies 
are e l e v a t e d , f lood 
to kil l undes i rab le 
emergents wi th 
saline w a t e r . 

Slowly raise water 
levels during the 
growing season to 
encourage both 
emergent and 
submerged aquat ics . 

Full f lood with 
gradual decreas ing 
wa te r leve ls f rom early 
fall thru wa te r fow l 
season. 

Late winter to ear ly 
summer drawdown for 
4 to 6 weeks . 

Slowly raise water 
levels during the 
growing season to 
encourage both 
emergent and 
submerged aqua t i cs . 

Full f lood from early 
fal l thru w a t e r f o w l 
season. 

Late winter to ear ly 
summer drawdown for 
4 to 6 weeks . 

Flooding s t ra teg ies 
somewhat inf luenced 
by seasonal rainfal l 
pa t te rns . 

Slowly ra ise w a t e r 
levels during the 
growing season to 
encourage bo th 
emergent and 
submerged aqua t i cs . 

Full f lood from ear ly 
fall thru w a t e r f o w l 
season. 

Late winter to ear ly 
summer drawdown for 
4 to 8 weeks . 

Flooding s t r a t e g i e s 
strongly influenced by 
seasonal rainfal l 
pa t te rns . 

Alternate b e t w e e n 
above management 
and growing season 
drawdown to 
encourage Sesuvium m. 
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Front v iew of ou ts ide 
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Side View 

Trunk w i th ou ts ide door se t t i ng open 
3" to f l ood the impoundment . 

Water Levef 

Flow 
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Figure 2 
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Water Level 

Flow 

Open Marsh 
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T 

Front View of inside 
door opening. 

Impoundment 
Side View 

Trunk w i th inside door se t t i ng open 
3" to dra in the impoundment . 

Figure 3 
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Che impoundment t h a n t o f l o w o u t . A l s o as t i d a l w a t e r l e v e l 

b e g i n s t o exceed impoundment w a t e r L e v e l , head p r e s s u r e i s 

c r e a t e d . As one w a t e r l e v e l i n c r e a s e s i n h e i g h t o v e r t h e o t h e r , 

head p r e s s u r e i n c r e a s e s and f l o w r a t e i n c r e a s e s a c c o r d i n g l y . 

W h i l e w a t e r l e v e l i s low i n t h e impoundment, f l o w - i n t i m e w i l l 

g r e a t l y e x c e e d f l o w - o u t t i m e , and a v e r a g e t i d a l head p r e s s u r e o r 

t h e a v e r a g e f l o w - i n r a t e w i l l e x c e e d a v e r a g e impoundment head 

p r e s s u r e and t h e a v e r a g e f l o w - o u t r a t e . As t h e w a t e r l e v e l o f 

t h e impoundment r i s e s t h e d i f f e r e n c e b e t w e e n f l o w - i n t i m e and 

f l o w - o u t t i m e , as w e l l as t h e a v e r a g e d i f f e r e n c e i n head 

p r e s s u r e , w i l l d i m i n i s h . E q u i l i b r i u m o f f l o w - i n / f l o w - o u t t i m e 

and r a t e s h o u l d be r e a c h e d w i t h e q u a l s i z e i n f l o w and o u t f l o w 

d o o r o p e n i n g s when t h e impoundment w a t e r l e v e l r e a c h e s t h e m i d -

t i d e r a n g e . When t h i s s t a t e o f w a t e r l e v e l e q u i l i b r i u m i s 

r e a c h e d c e r t a i n a d j u s t m e n t s i n t h e s i z e o f t h e doo r o p e n i n g s may 

have t o be made i f a change i n impoundment w a t e r l e v e l i s 

d e s i r e d . For e x a m p l e , i f t h e impoundment w a t e r l e v e l e xceeds t h e 

l e v e l n e c e s s a r y t o m a i n t a i n a m o i s t s o i l c o n d i t i o n a t 

e q u i l i b r i u m , t h e n t h e i n s i d e d o o r o p e n i n g c o u l d be i n c r e a s e d t o 

i n c r e a s e o u t f l o w - r a t e . A n o t h e r a l t e r n a t i v e w o u l d be t o s e t t h e 

t o p w a t e r s p i l l w a y b o a r d s t o a l l o w e x c e s s w a t e r t o f l o w o v e r t h e 

to p b o a r d o f t h e s p i l l w a y . T h i s w o u l d a l l o w w a t e r t o e x i t t h e 

impoundment a t t h e t o p and b o t t o m o f t h e w a t e r column 

s i m u l t a n e o u s l y ( F i g . 4 ) . 

I f t h e d e s i r e d impoundment w a t e r l e v e l i s n o t r e a c h e d a t 

e q u i l i b r i u m , t h e n t h e o u t s i d e i n f l o w d o o r o p e n i n g c o u i d be 

i n c r e a s e d , p o s s i b l y i n c o m b i n a t i o n w i t h a s l i g h t l o w e r i n g of t h e 
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Impoundment 

Side View 

Trunk with inside door sett ing open 
12" to drain the impoundment. 

Figure 4 



i n s i d e o p e n i n g t o r a i s e t h e mean h e i g h t o f t h e w a t e r l e v e l i n t h e 

impoundment. 

A f t e r t h e g r o w i n g s e a s o n i s c o m p l e t e d , w a t e r f o w l management 

s t r a t e g i e s c a l l f o r impoundment w a t e r l e v e l s t o be i n c r e a s e d t o 

d e p t h s o f 6 t o 12 i n c h e s on t h e bed f o r t h e w a t e r f o w l h u n t i n g 

s eason ( T a b l e 1 ) . T h i s has been done i n t h e p a s t by o p e n i n g t h e 

o u t s i d e d o o r t o f l o o d t h e impoundment and t h e n m a i n t a i n i n g t h e 

d e s i r e d w a t e r l e v e l by l e t t i n g w a t e r i n and o u t as needed. On 

l a r g e a r e a s , t h i s may be l a b o r i n t e n s i v e . The p o s s i b i l i t i e s a l s o 

e x i s t t o have an a l m o s t f u l l y - f l o o d e d impoundment by s e t t i n g t h e 

o u t s i d e d o o r a l l t h e way open ( F i g . 5 ) , and c l o s i n g t h e i n s i d e 

o u t f l o w d o o r t o 3 i n c h e s ( F i g . 3 ) . 

On a 2'x 5' t r u n k d o o r o p e n i n g t h i s w o u l d a l l o w f o r an a r e a 

r a t i o of i n f l o w t o o u t f l o w o f 8 : 1 . I f an impoundment w a t e r l e v e l 

o f 6 t o 12 i n c h e s on t h e bed i s somewhat l e s s t h a n mean h i g h 

t i d e , w h i c h i s u s u a l l y t h e c a s e , t h e n e q u i l i b r i u m of i n f l o w t o 

o u t f l o w c o u l d be r e a c h e d w h i l e a c c o m p l i s h i n g a c o n t i n u e d w a t e r 

exchange b e t w e e n t h e t i d a l and impoundment s y s t e m s . 

W a t e r f o w l management i n b r a c k i s h marsh impoundments u s u a l l y 

i s done by means of s l o w l y r i s i n g w a t e r l e v e l s d u r i n g t h e g r o w i n g 

s e a s o n . F l o o d i n g may be s t a r t e d a n y t i m e f r o m l a t e w i n t e r t o 

e a r l y summer ( T a b l e 1 ) . S l o w l y r i s i n g w a t e r l e v e l s can be 

a t t a i n e d by u s i n g a c o m b i n a t i o n of i n s i d e and o u t s i d e t r u n k d o o r 

o p e n i n g s i z e s , w h i c h causes d i f f e r e n t f l o w - i n and f l o w - o u t r a t e s . 

One s t r a t e g y of managing a s l o w l y r i s i n g w a t e r L e v e l 

s i t u a t i o n c o u l d be t o open an o u t s i d e , i n f l o w d o o r and an i n s i d e , 

o u t f l o w d o o r t o 3 - i n c h o p e n i n g s , t h u s c r e a t i n g an a r e a of i n f l o w 
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t o o u t f l o w r a t i o of 1:1. I n t h e i n i t i a l f l o o d i n g s t a g e , t h e 

w a t e r l e v e l o f t h e impoundment w i l l be b e l o w m i d - t i d e r a n g e . 

T h e r e f o r e , t h e mean w a t e r l e v e l o f t h e t i d e w i l l be h i g h e r t h a n 

i n t h e impoundment. T h i s w i l l cause an i n c r e a s e d i n f l o w t i m e and 

r a t e i n t o t h e impoundment o v e r f l o w - o u t t i m e and r a t e . 

Impoundment w a t e r l e v e l s , t h e r e f o r e , w i l l i n c r e a s e a t a s t e a d i l y 

d e c r e a s i n g r a t e as t h e impoundment f i l l s . The r a t e t h e 

impoundment f l o o d s t o a p r e - s e t l e v e l d e p e n d s , o f c o u r s e , upon 

t h e a r e a of t h e t r u n k , d o o r o p e n i n g s and t h e a r e a t o be f l o o d e d . 

As e q u i l i b r i u m i s r e a c h e d b e t w e e n i n f l o w and o u t f l o w , t h e 

impoundment w a t e r l e v e l w i l l t e n d t o s t a b i l i z e . To c o n t i n u e t h e 

s t e a d i l y r a i s i n g w a t e r l e v e l management s t r a t e g y , t h e o u t s i d e 

d o o r o p e n i n g c o u l d be i n c r e a s e d t o 12 i n c h e s w h i l e l e a v i n g t h e 

i n s i d e d o o r o p e n i n g a t 3 i n c h e s . The s i z e o f t h e i n f l o w o p e n i n g 

w i l l t h e n be 4 t i m e s g r e a t e r t h a n t h e s i z e o f t h e o u t f l o w 

o p e n i n g . 

As e q u i l i b r i u m i s a g a i n r e a c h e d , t h i s t i m e a t a h i g h e r l e v e l 

i n t h e impoundment, open t h e o u t s i d e d o o r t o i t s f u l l e s t w h i l e 

s t i l l l e a v i n g t h e i n s i d e o p e n i n g a t 3 i n c h e s . The i n t a k e o p e n i n g 

w i l l now be 8 t i m e s g r e a t e r t h a n t h e o u t f l o w o p e n i n g . As t h e 

w a t e r l e v e l i n t h e impoundment exceeds t h e m i d p o i n t of t h e mean 

t i d e r a n g e t h e n o u t f l o w t i m e and r a t e b e g i n t o e x c e e d t h a t o f 

i n f l o w . T h e r e f o r e l a r g e i n f l o w o p e n i n g s must be m a i n t a i n e d w i t h 

d e c r e a s i n g o u t f l o w o p e n i n g s , i f w a t e r l e v e l s i n t h e impoundment 

a r e t o c o n t i n u e t o i n c r e a s e . 

When e q u i l i b r i u m i s a g a i n r e a c h e d , t h i s t i m e a t l e v e l s where 

o u t f l o w t i m e and r a t e s u b s t a n t i a l l y e x c e e d i n f l o w , a p i e c e o f 
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p l y w o o d c o u l d be p l a c e d i n t h e s p i l l w a y t o c l o s e o f f t h e s p i l l w a y 

and t r u n k o p e n i n g . The i n s i d e d o o r c o u l d be f u l l y o p ened, and 

w i t h a 1 0 - i n c h d i a m e t e r c i r c u l a r h o l e , c u t ne a r t h e b o t t o m o f t h e 

p l y w o o d , t h e a r e a of I n f l o w i s now i n c r e a s e d 18 t i m e s t h a t of t h e 

o u t f l o w ( F i g . 6 ) . 

As t h e impoundment w a t e r l e v e l a p p r o a c h e s f u l l s t a g e , t h e 

1 0 - i n c h c i r c u l a r o p e n i n g c o u l d be r e p l a c e d w i t h an 8 - i n c h 

c i r c u l a r o p e n i n g . T h i s i n c r e a s e s t h e r a t i o o f t h e a r e a of i n f l o w 

o p e n i n g t o a b o u t 29 t i m e s g r e a t e r t h a n t h e a r e a o f o u t f l o w 

o p e n i n g . T h i s 8 - i n c h c i r c u l a r o p e n i n g , w h i l e s u b s t a n t i a l l y 

r e s t r i c t i n g o u t f l o w , s t i l l has s u f f i c i e n t h e i g h t t o a l l o w passage 

o f l a r g e r e s t u a r i n e o r g a n i s m s . For a b r i e f p e r i o d d u r i n g f u l l 

f l o o d s t a g e , t h e o u t f l o w i n g impoundment w a t e r may have t o pass 

o v e r t h e t o p of t h e s p i l l w a y t o m a i n t a i n t h e impoundment a t i t s 

h i g h e s t w a t e r l e v e l s . However, w a t e r exchange w o u l d c o n t i n u e 

b e t w e e n t h e two s y s t e m s . 

I n b r a c k i s h marsh i m p o u n d m e n t s , w a t e r l e v e l s a r e s l o w l y 

l o w e r e d d u r i n g l a t e f a l l and w i n t e r when w a t e r f o w l i s t h e p r i m a r y 

o b j e c t i v e of management. To s l o w l y l o w e r w a t e r l e v e l s d u r i n g 

t h i s p e r i o d , t h e above p r o c e s s i s r e v e r s e d . F i r s t t h e o u t s i d e 

d o o r i s l e f t f u l l y opened w h i l e t h e o u t f l o w o p e n i n g i s a g a i n 

r e d u c e d t o an 8 - i n c h c i r c l e . 

As e q u i l i b r i u m i s r e a c h e d a t a l o w e r w a t e r l e v e l t h e o p e n i n g 

i s i n c r e a s e d t o a 1 0 - i n c h c i r c u l a r h o l e and t h e n t o a 3 - i n c h d o o r 

o p e n i n g . T h i s of c o u r s e g r a d u a l l y i n c r e a s e s t h e o p e n i n g a r e a of 

o u t f l o w . As l o w e r w a t e r l e v e l s c o n t i n u e t o be r e a c h e d , t h e 

i n s i d e d o o r i s g r a d u a l l y opened w i d e r , and t h e o u t s i d e d o o r i s 
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g r a d u a l l y c l o s e d , w h i c h w i l l r e s u l t i n c o n t i n u o u s l y d e c r e a s i n g 

w a t e r l e v e l s i n t h e impou n d m e n t . Near t h e f i n a l s t a g e o f draw

down t h e i n s i d e d o o r and s p i l l w a y s h o u l d be f u l l y opened w h i l e 

t h e o u t s i d e d o o r i s n e a r l y c l o s e d ( F i g . 7 ) . T h i s w o u l d a l l o w 

some c i r c u l a t i o n b e f o r e c o m p l e t e drawdown. 

T h i s f l o w - t h r o u g h management scheme w o u l d s i g n i f i c a n t l y 

i n c r e a s e t h e o p p o r t u n i t y f o r o r g a n i s m s t o move i n and o u t o f 

f l o o d e d i m p o u n d m e n t s , and make n u r s e r y a r e a s a v a i l a b l e t o a w i d e 

v a r i e t y o f o r g a n i s m s f o r l o n g e r p e r i o d s o f t i m e . I t w o u l d a l s o 

i m p r o v e w a t e r q u a l i t y by l o w e r i n g w a t e r t e m p e r a t u r e d u r i n g h o t 

w e a t h e r , l e s s e n p r o b l e m s w i t h o x y g e n d e p l e t i o n , and a l l o w t h e 

impoundment t o f u n c t i o n l i k e t h e t i d a l marsh does f o r t r a n s i e n t 

m a r i n e s p e c i e s . 

I f done i n a c a r e f u l l y t e n d e d manner, i t w o u l d a l s o p r o d u c e 

q u a l i t y c o n d i t i o n s f o r w a t e r f o w l . 

CONCLUSION 

C o m b i n a t i o n management f o r a q u a c u l t u r e and w a t e r f o w l can be 

s u c c e s s f u l and o f f e r s impoundment managers a m u 1 t i p i e - s p e c i e s 

management a l t e r n a t i v e . 

Each management s i t u a t i o n , h o w ever, has u n i q u e g o a l s and 

o b j e c t i v e s due t o s i t e l o c a t i o n and t h e e x p e r t i s e , t i m e and 

f i n a n c i a l s i t u a t i o n o f managers and o w n e r s . 

Management w i l l t a k e more t i m e and f i n a n c i a l e f f o r t i f an 

impoundment i s t o be p r o p e r l y managed f o r a q u a c u l t u r e . S p e c i f i c 

management g o a l s , h o w e v e r , on s i n g l e t a r g e t s p e c i e s w i l l u s u a l l y 

e x c e e d t h e g o a l s of c o m b i n a t i o n management f o r s i n g l e t a r g e t 
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p r o d u c t s . C o m b i n a t i o n management f o r a q u a c u l t u r e and w a t e r f o w l 

has b o t h b e n e f i t s and c o n f l i c t s w i t h s p e c i f i c t a r g e t management, 

b u t c o m b i n a t i o n management can i n c r e a s e t o t a l p r o d u c t i o n o f a l l 

t a r g e t s p e c i e s . 


